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PEEFACE  TO  THE  THIKD  EDITION. 


WHEN  the  writer  assisted  the  late  Dr.  Lardner  in  pre- 
paring the  first  edition  of  this  treatise,  thirteen  years  ago, 
telegraphy  was  comparatively  in  its  infancy.  Many  in- 
ventions which  at  that  time  appeared  important  are  now 
obsolete ;  while  a  great  variety  of  appliances  have  since 
been  brought  to  bear  that  were  not  then  dreamt  of.  The 
whole  system  of  electric  communication  has,  in  fact,  become 
a  recognised  science  in  its  various  branches,  and  the  laws 
governing  the  development  and  application  of  this  wonder- 
ful power  have  been  carefully  investigated. 

It  may  now  be  said  that  wherever  civilisation  exists, 
there  telegraphic  communication  has  penetrated,  linking  up 
continents,  countries,  and  races.  The  mission  of  the  sentient 
wire  is  a  noble  one  :  to  bind  together  nations,  and  colonies 
to  their  mother  countries.  Great  Britain  is  now  joined  to 
India  on  the  one  hand,  and  to  Canada,  the  United  States, 
and  even  Vancouver's  Island,  on  the  other  ;  our  cousins  at 
the  antipodes  in  Australia  will  shortly  be  added  ;  and  that 
important  stepping-stone  to  the  East,  Malta,  has  long  been 
put  within  prompt  hail  of  England  as  well  as  Egypt ; — 
Gibraltar  is  to  follow. 

The  British  dominions  thus  become  united  in  instant 
correspondence,  notwithstanding  the  barriers  interposed  by 
half  our  planet's  surface,  and  the  vast  oceans  intervening. 

In  no  applied  science  has  the  advance  been  so  rapid  as 
in  the  Electric  Telegraph.  This  means  of  conveying  thought 
in  a  moment  between  distant  points,  which  twenty  years 
ago  had  scarcely  emerged  in  a  practical  form  from  the 
philosopher's  studio,  now  covers  the  world  with  its  vast 
network  of  communicating  fibres.  In  attaining  such  a 
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result,  England  has  stood  in  the  foreground.  To  her  is  due 
not  only  the  origination  of  the  submarine  telegraph,  but 
she  has  also  provided  the  capital,  constructed  the  cables, 
and  carried  out  the  laying  of  every  important  submarine 
communication. 

On  land  the  telegraph  has  had  many  difficulties  to  en- 
counter. In  countries  like  England  and  Switzerland  the 
humidity  of  the  climate  interferes  with  insulation ;  in  India 
monkeys,  ants,  and  heat  have  proved  causes  of  mischance  ; 
in  the  deserts  the  Arabs,  and  on  the  prairies  Indians  have 
had  to  be  bribed  or  coerced.  In  Russia,  again,  snows,  and 
in  the  forests  of  America  falling  trees,  have  interrupted  for 
a  time  the  working  of  the  apparatus.  Hence  various 
countries  have  their  different  systems  of  telegraph,  each 
more  or  less  designed  to  meet  the  special  conditions  attend- 
ing their  erection  and  working. 

The  descriptions  contained  in  the  former  editions  could 
not  therefore  convey  any  adequate  idea  of  present  progress 
or  telegraphic  apparatus,  and  it  has  become  necessary  to 
re-model  and  re-write  the  work.  As  far  as  possible,  only 
practical  points  are  dealt  with,  and  the  object  has  been  to 
explain  them  in  a  popular  and  at  the  same  time  a  condensed 
form. 

Among  the  new  branches  of  the  subject  now  introduced, 
may  be  mentioned  the  Atlantic  Telegraph,  the  line  to  India, 
the  Malta  and  Alexandria,  and  other  important  submarine 
works ;  the  greatly  improved  contrivances  for  train  signal- 
ling on  railways ;  the  regulation  of  public  clocks  by  elec- 
tricity, now  extensively  adopted  in  London,  Liverpool, 
Glasgow,  Edinburgh,  &c. ;  and  the  system  of  meteorological 
signals  and  storm  warnings  introduced  by  the  late  Admiral 
Fitzroy,  and  carried  out  by  the  Board  of  Trade. 

E.  B.  B. 

January,  1867. 
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telegraphy. — 12.  Physical  character  of  electricity. — 13.  Not  essential 
to  the  explanation  of  electro -telegraphy. — 14.  Electricity  a  subtle 
fluid. — 15.  Properties  available  for  telegraphy. — 16.  Voltaic  battery. 
— 17.  It  is  to  the  electric  telegraph  what  the  boiler  is  to  the  steam- 
engine. — 18.  Means  of  transmitting  the  fluid  in  required  directions. 
— 19.  Conductors  and  insulators. — 20.  Conducting  wires — 21.  Voltaic 
battery. — 22.  Transmission  and  suspension  of  the  current. — 23.  Current 
established  by  earth  contact. — 24.  Theories  of  earth  contact. — 25. 
The  return  of  the  current  through  the  earth. — 26.  Various  bodies 
evolve  electricity. — 27.  Common  plate  battery  of  zinc  and  copper. — 
28.  Why  zinc  and  copper  are  preferred. — 29.  Charcoal  substituted  for 
copper. — 30.  Elements  not  essential. — 31.  Strength  of  current  varied 
by  number  of  cells. — 32.  Velocity  of  the  electric  current  under  diffe- 
rent conditions. — 33.  Production  of  telegraphic  signals. 

1.  EACH  succeeding  age  and  generation  leaves  behind  it  a 
peculiar  character,  which  stands  out  in  relief  upon  its  annals, 
and  is  associated  with  it  for  ever  in  the  memory  of  posterity. 
One  is  signalised  for  the  invention  of  gunpowder,  another  for 
that  of  printing ;  one  is  rendered  memorable  by  the  revival  of 
letters,  another  by  the  reformation  of  religion ;  one  is  marked  in 
history  by  the  conquests  of  Napoleon,  another  is  rendered  illus- 
trious by  the  discoveries  of  Newton. 

If  we  are  asked  by  what  characteristic  the  present  age  will  be 
marked  in  future  records,  we  answer,  by  the  miracles  which 
have  been  wrought  in  the  subjugation  of  the  powers  of  the  ma- 
terial world  to  the  uses  of  the  human  race.  In  this  respect  no 
former  epoch  can  approach  to  competition  with  it. 

The  author  of  some  of  the  most  popular  fictions  of  the  day 
has  affirmed,  that  in  adapting  to  his  purpose  the  results  of  his 
personal  observation  on  men  and  manners,  he  has  not  unfre- 
quently  found  himself  compelled  to  mitigate  the  real  in  order  to 
bring  it  within  the  limits  of  the  probable.  No  observer  of  the 
progress  of  the  arts  of  life,  at  the  present  time,  can  fail  to  be 
struck  with  the  prevalence  of  the  same  character  in  their  results 
as  that  which  compelled  this  writer  to  suppress  the  most  won- 
derful of  what  had  fallen  under  his  eye,  in  order  to  bring  his 
descriptions  within  the  bounds  of  credibility. 

2.  Many  are  old  enough  to  remember  the  time  when  persons, 
correspondence,  and  merchandise  were  transported  from  place  to 
place  in  this  country  by  stage-coaches,  vans,  and  waggons.     In 
those  days  the  fast-coach,  with  its  team  of  spanking  blood- 
horses,  and  its  bluff  driver,  with  broad-brimmed  hat  and  drab 
box-coat,  from  which  a  dozen  capes  were  pendant,  who  "  han- 
dled the  ribbons  "  with  such  consummate  art,  could  pick  a  fly  from 
the  ear  of  the  off-leader,  and  turn  into  the  gateway  at  Charing 
Cross  with  the  precision  of  a  geometrician,  were  the  topics  of 
the  unbounded  admiration  of  the  traveller.     Certain  coaches 
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obtained  a  special  celebrity  and  favour  with  the  public.  We 
cannot  forget  how  the  eye  of  the  traveller  glistened  when  he 
mentioned  the  Brighton  "Age,"  the  Glasgow  "Mail,"  the 
Shrewsbury  "Wonder,"  or  the  Exeter  "  Defiance,"— the  "Age," 
which  made  its  trip  in  five  hours,  and  the  "Defiance,"  which 
acquired  its  fame  by  completing  the  journey  between  London 
and  Exeter  in  less  than  thirty  hours. 

3.  The  rapid  circulation  of  intelligence  was  also  the  boast  of 
those  times.     How  foreigners  stared  when  told  that  the  news  of 
each  afternoon  formed  a  topic  of  conversation  at  tea-tables  the 
same  evening,  twenty  miles  from  London,  and  that  the  morning 
journals,  still  damp  from  the  press,  were  served  at  breakfast 
within  a  radius  of  thirty  miles,  as  early  as  the  frequenters  of  the 
London  clubs  received  them. 

Now  let  us  imagine  that  some  profound  thinker,  deeply  versed 
in  the  resources  of  Science  at  that  epoch,  were  to  have  gravely 
predicted  that  the  generation  existing  then  and  there  would 
live  to  see  all  these  admirable  performances  become  obsolete, 
and  consigned  to  the  history  of  the  past ;  that  they  would  live 
to  regard  such  vehicles  as  the  "Age"  and  "Defiance"  as 
clumsy  expedients,  and  their  celerity  such  as  to  satisfy  those 
alone  who  were  in  a  backward  state  of  civilisation  ! 

4.  Let  us  imagine  that  such  a  person  were  to  affirm  that  his 
contemporaries  would  live  to  see  a  coach  like  the  "  Defiance  " 
making  its  trip  between  London  and  Exeter,  not  in  thirty,  but 
five  hours,  and  drawn,  not  by  200  blood-horses,  but  by  a  mode- 
rate sized  stove  and  four  bushels  of  coals ! 

5.  Let  us  further  imagine  the  same  sagacious  individual  to 
predict  that  his  contemporaries  would  live  to  see  a  building 
erected  in  the  centre  of  London,  in  the  cellars  of  which  ma- 
chinery would  be  provided  for  the  fabrication  of  'artifical  light- 
ning, which  should  be  supplied  to  order,  at  a  fixed  price,  in  any 
quantity  required,  and  of  any  prescribed  force ;  that  conductors 
would  be  carried  from  this  building  to  all  parts  of  the  country, 
along  which  such  lightning  shall  be  sent  at  will ;  that  in  the 
attics  of  this  same  building  would  be  provided  certain  small 
instruments  like  barrel-organs  or  pianofortes ;  that  by  means  of 
these  instruments,  the  aforesaid  lightning  should,  at  the  will 
and  pleasure  of  those  in  charge  of  them,  deliver  messages  at  any 
part  of  Europe,  Asia,  or  America,  from  St.  Petersburgh  in  the 
north,  to  Calcutta  or  Eangoon  in  the  east,  to  New  York,  San 
Francisco,  or  even  Vancouver's  Island  in  the  west;  and,  in  fine, 
that  answers  to  such  messages  should  be  received  instantane- 
ously, and  by  like  means :  that  in  this  same  building,  offices 
should  be  provided,  where  any  lady  or  gentleman  might  enter, 
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at  any  hour,  and  for  a  few  shillings  send  a  message  by  lightning 
to  Paris  or  Vienna,  and  by  waiting  for  a  few  moments,  receive 
an  answer ! 

Might  he  not  exclaim,  after  the  inspired  author  of  the  book  of 
Job:— 

' '  Canst  thou  send  lightnings,  that  they  may  go,  and  say  unto 
thee,  Here  we  are  ?  "  ! !  xxxviii.,  35. 

But,  suppose  that  his  foresight  should  further  enable  him  to 
pronounce  that  means  would  be  invented  by  which  any  indi- 
vidual in  any  one  town  or  city  of  Europe  should  be  enabled  to 
take  in  his  hand  a  pencil  or  pen,  the  point  of  which  should  be 
in  any  other  town  or  city,  no  matter  how  distant,  and  should, 
with  such  pen  or  pencil,  write  or  delineate  in  such  distant  place, 
such  characters  or  designs  as  might  please  him,  with  as  much 
promptitude  and  precision  as  if  the  paper  to  which  these  cha- 
racters or  designs  were  committed  lay  upon  the  table  before 
him ;  or  that  an  individual  pulling  a  string  at  London  should 
ring  a  bell  at  Vienna,  or  holding  a  match  at  St.  Petersburgh 
should  discharge  a  cannon  at  Naples ! 

6.  Suppose  he  should  affirm  that  means  would  be  discovered 
for  converting  charcoal  into  diamonds ;  that  the  light  of  the  sun 
would  be  compelled,  without  the  intervention  of  the  human 
hand,  to  make  a  portrait  or  a  picture,  with  a  fidelity,  truth  and 
precision,  with  which  the  productions  of  the  most  exalted  artistic 
skill  would  not  bear  comparison ;  and  that  this  picture  should 
be  produced  and  completed  in  its  most  minute  details  in  a  few 
seconds — nay,  even  in  the  fraction  of  a  second ;   that  candles 
and  lamps  would  be  superseded  by  flame  manufactured  on  a 
large  scale  in  the  suburbs  of  cities,  and  distributed  for  use  in 
pipes,  carried  under  the  streets,  and  into  the  houses  and  other 
buildings  to  be  illuminated;  and  that  the  precious  and  other 
metals  being  dissolved  in  liquids,  would  form  themselves  into 
the  articles  of  ornament  and  use  by  a  spontaneous  process,  and 
without  the  intervention  of  human  labour ! ! 

No  authority  however  exalted,  no  attainments  however  pro- 
found, no  reputation  however  respected,  could  have  saved  the 
individual  rash  enough  to  have  given  utterance  to  such  predic- 
tions some  forty  years  ago,  from  being  regarded  as  labouring 
under  intellectual  derangement.  Yet  all  these  things  have  not 
only  come  to  pass,  but  the  contemplation  of  many  of  them  has 
become  so  interwoven  with  our  habits,  that  familiarity  has 
blunted  the  edge  of  wonder. 

7.  Compared  with  all  such  realities,  the  illusions  of  oriental 
romance  grow  pale ;  fact  stands  higher  than  fiction  in  the  scale 
of  the  marvellous ;  the  feats  of  Aladdin  are  tame  and  dull ;  and 
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the  slaves  of  the  lamp  yield  precedence  to  the  spirits  which 
preside  over  the  battery  and  the  boiler. 

8.  Of  all  the  physical  agents  discovered  by  modern  scientific 
research,  the  most  fertile  in  its  subserviency  to  the  arts  of  life 
is  incontestably  electricity,  and  of  all  the  applications  of  this 
subtle  agent,  that  which  is  transcendently  the  most  admirable 
in  its  effects,  the  most  astonishing  in  its  results,  and  the  most 
important  in  its  influence  upon  the  social  relations  of  mankind, 
and  upon  the  spread  of  civilisation  and  the  diffusion  of  know- 
ledge, is  the  Electric  Telegraph.     No  force  of  habit,  however 
long  continued,  no  degree  of  familiarity  can  efface  the  sense  of 
wonder  which  the  effects  of  this  most  marvellous  application  of 
science  excites. 

9.  Being  at  Paris  in  1850,  Dr.  Lardner  was  engaged  to  share 
with  M.  Leverrier,  the  celebrated  astronomer,  and  some  other 
men  of  science,  in  the  superintendence  of  a  series  of  experiments 
to  be  made  before  committees  of  the  Legislative  Assembly  and 
of  the  Institute,  with  the  view  of  testing  the  efficiency  of  certain 
telegraphic  apparatus. 

Two  wires,  extending  from  Paris  to  Lille,  were  united  at  the 
latter  place,  so  as  to  form  one  continuous  wire,  extending  to 
Lille  and  back,  making  a  total  distance  of  336  miles.  This, 
however,  not  being  deemed  sufficient  for  the  purpose,  several 
coils  of  wire  wrapped  with  silk  were  obtained,  measuring  in 
their  total  length  746  miles,  and  were  joined  to  the  extremity  of 
the  wire  returning  from  Lille,  thus  making  one  continuous  wire 
measuring  1082  miles.  A  message  consisting  of  282  words  was 
then  transmitted  from  one  end  of  the  wire.  A  pen  attached  to 
the  other  end  immediately  began  to  write  the  message  on  a  sheet 
of  paper  moved  under  it  by  a  simple  mechanism,  and  the  entire 
message  was  written  in  full  in  the  presence  of  the  Committee. 

This  might  well  be  looked  upon  as  a  feat  sixteen  years  ago, 
but  the  science  of  Telegraphy  has  made  such  wonderful  pro- 
gress, that  at  the  present  time  the  two  Atlantic  cables,  when 
joined  end  to  end,  so  as  to  form  one  unbroken  length  of  nearly 
4000  miles,  can  readily  be  worked  at  a  speed  far  greater 
than  through  the  comparatively  small  length  of  line  referred  to 
in  the  foregoing  experiment.  Each  cable  can  easily  pass  fifteen 
words  per  minute,  or  upwards  of  forty  average  messages  per 
hour  between  Europe  and  America !  This  speed  of  transmis- 
sion is  greatly  exceeded  in  the  working  of  short  land  lines. 

But  it  must  not  be  imagined,  because  we  have  here  produced 
an  example  of  the  transmission  of  despatches  to  a  distance  of 
4000  miles,  that  any  augmentation  of  that  distance  could  cause 
any  delay  of  practical  importance,  provided  the  electric  current 
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was  not  allowed  to  ooze  out,  and  so  diminish  in  power,  during  its 
transmission. 

10.  Although  the  velocity  of  the  electric  current  has  not  been 
very  exactly  measured,  it  has  been  established  beyond  all  doubt 
that  it  is  so  great  that  to  pass  from  any  one  point  on  the  surface 
of  the  earth  to  any  other,  it  would  take  no  more  than  a  fraction 
of  a  second. 

11.  If,  therefore,  the  despatch  had  been  sent  to  a  distance  of 
20,000  miles,  its  transmission  would  still  have  been  instan- 
taneous. 

Such  a  despatch  would  fly  round  the  earth  between  the  two- 
beats  of  a  common  clock,  and  would  be  written  in  full  at  the 
place  of  its  destination  more  rapidly  than  it  could  be  repeated 
by  word  of  mouth.  When  such  statements  are  made,  do  we  not 
feel  disposed  to  exclaim — 

"  Are  such  things  here  as  we  do  speak  about  ? 
Or  have  we  eaten  of  the  insane  root, 
That  makes  the  reason  prisoner  ? " 

In  its  wildest  flights  the  most  exalted  imagination  would  not 
have  dared,  even  in  fiction,  to  give  utterance  to  these  stubborn 
realities.  Shakspeare  only  ventured  to  make  his  fairy 

"  Put  a  girdle  round  the  earth 
In  forty  minutes." 

To  have  encircled  it  in  a  second,  would  have  seemed  too  mon- 
strous, even  for  Robin  Goodfellow. 

The  curious  and  intelligent  reader  of  these  pages  will  scarcely 
be  content,  after  the  statement  of  facts  so  extraordinary,  to- 
remain  lost  in  vacant  astonishment  at  the  power  of  science, 
without  seeking  to  be  informed  of  the  manner  in  which  the 
phenomena  of  nature  have  been  thus  wonderfully  subdued  to 
the  uses  of  man.  A  very  brief  exposition  will  be  enough  to 
render  intelligible  the  manner  in  which  these  miracles  of  science 
are  wrought. 

12.  The  World  of  Science  is  not  agreed  as  to  the  physical 
character  of  Electricity.     According  to  the  opinion  of  some  it  is 
a  fluid  infinitely  lighter  and  more  subtle  than  the  most  attenu- 
ated and  impalpable  gas,  capable  of  moving  through  space  with 
a  velocity  commensurate  with  its  subtleness  and  levity.     Some 
regard  this  fluid  as  simple.    Others  contend  that  it  is  compound,, 
consisting  of  two  simple  fluids  having  antagonistic  properties, 
which,  when  in  combination,  neutralise  each  other,  but  which 
recover  their  activity  by  decomposition.     Others  again  regard 
it  not  as  a  specific  fluid  which  moves  through  space,  but  as  a 
phenomenon  analogous  to  sound,  and  think  that  it  is  only  a. 
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series  of  undulations  or  vibrations  that  are  propagated  through 
a  highly  elastic  medium  which  produce  the  various  electrical 
effects,  just  as  the  pulsations  of  the  atmosphere  produce  all  the 
effects  of  sound. 

13.  Happily  these  difficult  discussions  are  not  necessary  to  the 
clear  comprehension  of  the  laws  which  govern  the  phenomena 
upon  which  electric  telegraphy  depends.     It  will  nevertheless, 
for  the  purposes  of  explanation,  be  convenient  to  use  a  system  of 
language  which  implies  the  existence  of  a  certain  fluid  which 
we  shall   call  the  electric  fluid,  capable  of  moving  through 
certain  bodies,  and  being  obstructed  or  altogether  stopped  by 
others,  and    which    by  its    presence   or    proximity    produces 
certain  definite  effects,  mechanical  and  chemical. 

14.  Whether  the  electric  agency  be  or  be  not  a  material  fluid 
for  our  present  purpose  is  unimportant.     It  is  enough  that  it 
comports  itself  as  such,  and  that  the  properties  or  effects  which 
we  shall  impute  to  it  are  such  only  as  it  is  ascertained  by  obser- 
vation and  experiment  to  possess  or  produce. 

15.  However  various  the  forms  may  be  which  invention  has 
conferred  upon  electric  telegraphs,  their  efficiency  in  all  cases 
depends  on  our  power  to  produce  at  will  the  following  effects  : — 

1st.  To  produce  or  develop  the  electric  fluid  in  any  desired 
quantity,  and  of  the  necessary  quality. 

2nd.  To  transmit  it  with  celerity  to  any  required  distance, 
without  injuriously  dissipating  it. 

3rd.  To  cause  it  upon  its  arrival  at  any  assigned  point  to 
produce  some  sensible  effects  which  may  serve  the.  purpose  of 
written  or  printed  characters. 

16.  The  electric  fluid  is  deposited  in  a  latent  state  in  unlimited 
quantity  in  the  earth,  the  waters,  the  atmosphere,  and  in  all 
bodies  upon  the  earth,  whether  solid,  liquid,  or  gaseous.     It  is 
disengaged  and  rendered  active  by  various  causes,  natural  and 
artificial.     The  mutual  friction  of  bodies,  contact  and  pressure, 
the  contiguity  or  contact  of  bodies  having  different  temperatures, 
the  chemical  action  of  bodies  one  upon  another,  the  action  of 
magnetic  bodies  on  each  other,  and  on  bodies  susceptible  of 
magnetism,   are   severally  causes  of  the  development  of  the 
electric  fluid  in  greater  or  less  quantity. 

Founded  upon  these  phenomena,  various  apparatus  have  been 
contrived,  by  means  of  which  the  electric  fluid  may  be  evolved 
and  collected  in  any  desired  quantity,  and  with  any  required 
intensity.  Among  these,  that  which  has  proved  to  be  the  most 
efficient  for  telegraphic  purposes  is  the  GALVANIC  or  VOLTAIC 

BATTERY. 

17.  This  apparatus  is  to  the  electric  telegraph  what  the  boiler 
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is  to^the  steam-engine.  It  is  the  generator  of  the  fluid  "by 
which  the  action  of  the  telegraphic  machine  is  produced  and 
maintained.  It  supplies  the  fluid  in  any  desired  quantity  and 
of  any  desired  intensity.  As  the  boiler  is  supplied  with  ex- 
pedients by  which  within  practical  limits  the  quantity  and 
pressure  of  the  steam  may  be  varied  according  to  the  exigences 
of  the  work  to  which  the  engine  is  applied,  so  the  voltaic 
battery  is  provided  with  expedients  by  which  the  quantity  and 
intensity  of  the.  electric  fluid  it  evolves  can  be  varied  according 
to  the  distance  to  which  the  intelligence  is  to  be  transmitted ; 
and  the  form,  whether  visible,  oral,  written  or  printed,  in 
which  it  is  to  be  required  to  be  delivered  at  the  place  of  its 
destination. 

18.  The    electric  fluid    being  thus  produced    in    sufficient 
quantity,  it  is  necessary  to  provide  adequate  means  of  trans- 
mitting it  to  a  distance  without  exposing  it  to  any  cause  of 
injurious  dissipation  or  waste. 

If  tubes  or  pipes  could  be  constructed  with  sufficient  facility 
and  cheapness,  through  which  the  subtle  fluid  could  flow,  and 
which  would  be  capable  of  confining  it  during  its  transit,  this 
object  would  be  attained.  As  the  galvanic  battery  is  analogous 
to  the  boiler,  such  tubes  would  be  analogous  in  their  form  and 
functions  to  the  steam-pipe  of  a  steam-engine. 

19.  The  construction  of  such  means  of  transmission  has  been 
accomplished  by  means   of  the  well-known  property  of  the 
electric  fluid,  in  virtue  of  which  it  is  capable  of  passing  freely 
along  a  certain  class  of  ^bodies  called  CONDUCTORS,  while  its 
movement  is  arrested  by  another  class  of  bodies  called  NON- 
CONDUCTORS Or  INSULATORS. 

The  most  conspicuous  examples  of  the  former  class  are  the 
metals ;  the  most  remarkable  of  the  latter  being  resins,  wax, 
glass,  porcelain,  silk,  cotton,  dry  air,  &c. 

20.  Now  if  a  rod  or  wire  of  metal  be  coated  with  wax,  or 
wrapped  with  silk,  the  electric  fluid  will  pass  freely  along  the 
metal,  in  virtue  of  its  character  of  a  conductor ;  and  its  escape 
from  the  metal  laterally  will  be  prevented  by  the  coating,  in 
virtue  of  its  character  of  an  insulator. 

The  insulator  in  such  cases  is,  so  far  as  relates  to  the  electri- 
city, a  real  tube,  inasmuch  as  the  electric  fluid  passes  through 
the  metal  included  by  the  coating,  in  exactly  the  same  manner 
as  water  or  gas  passes  through  the  pipes  which  conduct  it ;  with 
this  difference,  however,  that  the  electric  fluid  moves  along  the 
wire  more  freely,  in  an  almost  infinite  proportion,  than  does 
either  water  or  gas  in  the  tubes  which  conduct  them. 

If,  then,  a  wire,  coated  with  a  non-conducting  substance, 
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Fig.  1. 


capable  of  resisting  the  vicissitudes  of  weather,  were  extended 
between  any  two  distant  points,  one  end  of  it  being  attached 
to  one  of  the  extremities  of  a  galvanic  battery,  a  stream  of 
electricity  would  pass  along  the  wire— provided  the  other  end  of 
the  ivire  ivere  connected  by  a  conductor  with  the  other  extremity 
of  the  battery. 

21.  How  the  fluid  transmitted  to  a  distant  station  is  made  to 
produce  the  effects  by  which  messages  are  expressed  will  be 
explained  hereafter ;  meanwhile  is  will  be  necessary  first  to  ex- 
plain the  form  and  principle  of  the  voltaic  batteries  used  for  tele- 
graphic operations,  and,  secondly,  the  expedients  by  which  the 
current  is  transmitted  and  suspended,  and  turned  in  one  or 
another  direction  at  the  will  of  the  operator  at  the  station  from 
which  despatches  are  transmitted. 

To  comprehend  the  principle  of  the  voltaic  battery,  let  us 
suppose  that  two  strips,  cut,  one  z  z  from  a  sheet  of  zinc,  and 
the  other  CO  (fig.  1)  from  a  sheet 
of  copper,  are  immersed  without 
touching'each  other  in  a  vessel  con- 
taining water  slightly  acidulated. 
To  the  upper  edges  P  and  N  of  the 
strips  let  two  pieces  of  wire  P  p  and 
Nn,  be  soldered.  In  this  state  of 
the  apparatus  no  development  of 
the  electric  fluid  will  be  manifested; 
but  if  the  ends  p  and  n  of  the  wires 
be  brought  into  contact,  an  electric 
current  will  set  in,  running  on  the 
wires  from  P,  the  point  where  the 
wire  is  soldered  to  the  copper  c  c, 
to  N,  the  point  where  the  other  wire 
is  soldered  to  the  zinc  zz.  This 
current  will  continue  to  flow  so  long 
as  the  ends  p  and  n  of  the  wires  are 
kept  in  mutual  contact,  and  no  longer.  The  moment  the  ends 
p  and  n  are  separated,  the  current  ceases. 

22.  The  commencement  of  the  current  upon  the  contact  of  the 
wires,  and  its  cessation  upon  their  separation,   are  absolutely 
instantaneous;  so  much  so,  that  if  the  ends  JP  and  n  were  brought 
into  contact  and  separated  a  hundred  times  in  a  second,  the  flow 
and  suspension  of  the  current  being  simultaneous  with  the 
contacts  and  separations,  would  also  take  place  a  hundred  times 
in  a  second. 

The  existence  of  the  current  established  in  this  case  is  inde- 
pendent of  the  length  of  the  wires  p  p  and  N  n.    Whether  their 
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length  be  10  feet,  10  miles,  or  100  miles,  the  current  will  still 
flow  upon  them  when  their  extremities  p  and  n  are  brought  into 
contact.  The  only  difference  will  be,  that  the  intensity  of  the 
current  will  be  less  in  the  same  proportion  as  the  length  of  the 
wires  is  augmented. 

23.  There  is  another  condition  of  great  importance,  whether 
regarded  theoretically  or  practically,  on  which  the  current  will 
be  established  and  maintained. 

Instead  of  bringing  the  wires  P  p  and  N  n  into  contact,  let 
them  be  continued  downwards,  as  represented  in  fig.  2,  and  con- 
nected with  two  plates  of  metal  p'  and  n',  buried  in  the  earth,  or 


Fig.  2. 


with  masses  of  metal  or  other  good  conducting  body  of  any  form 
whatever  thus  buried.  Under  these  circumstances  a  new  con- 
dition arises ;  the  body  of  the  earth  being  a  general  reservoir  of 
electricity,  receives  and  diffuses  the  surplus  electricity  from  the 
positive  or  plus  pole,  and  yields  electricity  to  the  negative  or 
minus  pole  of  the  battery.  This  is  analogous  to  the  action  of  a 
pump  drawing  water  from  a  well  on  the  one  hand  and  dis- 
charging it  into  a  reservoir  on  the  other. 

24.  In  some  of  the  electric  theories,  it  was  assumed  that  the 
course  of  the  current  must  in  all  cases  be  continuous  and  un- 
broken from  p  to  N,  as  it]  is  in  fact  under  the  conditions  repre- 
sented in  fig.  1,  when  the  endsp  and  n  are  in  contact.  But  it 
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is  generally  now  recognised  that  the  process  is  one  of  equaliza- 
tion when  the  battery  poles  or  conducting  wires  are  connected 
to  the  earth. 

It  is  found  also,  in  this  case,  that  the  existence  of  the  current 
is  independent  of  the  lengths  of  the  wires,  which  do  not  affect  it 
otherwise  than  by  diminishing  its  intensity.  Whether  the  wires 
are  10  feet,  10  miles,  or  100  miles  in  length,  the  currents  still 
flow  from  P  to  pf  and  from  nr  to  N. 

25.  Of  all  the  miracles  of  science,  surely  this  is  the  most  mar- 
vellous.    A  stream  of  electric  fluid  has  its  source  in  the  cellars 
of  the  Central  Telegraph   Office,  London.     It  flows  under  the 
streets  of  the  great  metropolis,  and,  passing  on  wires  suspended 
over  a  zigzag  series  of  railways,  reaches  Edinburgh,  where  it 
dips  into  the  earth,  and  diffuses  itself  from  the  buried  plate. 

Instead  of  burying  plates  of  metal,  it  would  be  sufficient  to 
connect  the  wires  at  each  end  with  the  gas  or  water  pipes, 
which,  being  conductors,  would  equally  convey  the  fluid  to  the 
earth ;  and  in  this  case,  every  telegraphic  despatch  which  flies 
to  Edinburgh  along  the  wires  which  border  the  railways  would 
rush  to  the  gas-pipes  which  illuminate  Edinburgh,  while  the 
current  from  the  opposite  pole  of  the  Lothbury  batteries  would  be 
placed  in  connection  with  the  gas-pipes  which  illuminate  London. 

26.  To  derive  all  the  necessary  instruction  from  what  has 
been  explained  above,  it  will  be  necessary  to  distinguish  what  is 
essential  from  what  is  merely  optional,  and  which  admits  of 
modification  or  change  without  affecting  the  result. 

27.  It  will  be  seen  that  the  electric  fluid  is  evolved  by  the 
combination  of  three  bodies,  the  zinc,  the  copper,  and  the  acidu- 
lated solution  in  which  they  are  immersed.     The  production  of 
the  current  depends  on  the  chemical  action  of  the  solution  on 
the  zinc.      That  metal  being  very  susceptible  of  oxydation, 
decomposes  the  water  which  is  in  contact  with  it.     One  con- 
stituent of  the  water  combining  with  the  zinc,  produces  a  com- 
pound called  the  oxyde  of  zinc,  and  this  oxyde  entering  again 
into  combination  with  the  acid  which  the  water  holds  in  solu- 
tion, forms  a  soluble  salt.     If  the  acid,  for  example,  be  sul- 
phuric acid,  this  salt  will  be  the  sulphate  of  the  oxyde  of  zinc, 
and  as  fast  as  it  is  produced  it  will  be  dissolved  in  the  water  in 
which  the  slips  of  metal  are  immersed. 

Meanwhile,  the  copper,  not  being  as  susceptible  of  chemical 
action  as  the  zinc,  remains  comparatively  unaffected  by  the 
solution ;  but  the  hydrogen  evolved  in  the  decomposition  of  the 
water  collects  upon  its  surface,  after  which  it  rises  and  escapes 
in  bubbles  at  the  surface  of  the  solution. 

It  is  to  this  chemical  action  upon  the  zinc  that  the  production 
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of  the  electric  current  is  due.  If  a  like  action  had  taken  place 
in  the  same  degree  on  the  copper,  a  similar  and  equally  intense 
electric  current  would  be  produced  in  the  opposite  direction ; 
and  in  that  case  the  two  currents  would  neutralise  each  other, 
and  no  electric  effect  would  ensue. 

From,  this  it  will  be  seen  that  the  efficacy  of  the  combination 
must  be  ascribed  to  the  fact,  that  one  of  the  two  metals  im- 
mersed in  the  solution  is  more  oxydable  than  the  other,  and 
that  the  energy  of  the  effect  and  the  intensity  of  the  current 
will  be  so  much  the  greater  as  the  susceptibility  of  oxydation 
of  the  one  metal  exceeds  that  of  the  other. 

28.  It  appears,  therefore,  that  the  principle  may  be  general- 
ised, and  that  electricity  will  be  developed,    and  a  current 
produced  by  any  two  metals  similarly  placed,  which  are  oxyd- 
able in  different  degrees.  And,  indeed,  if  two  pieces  of  the  same 
metal  are  differently  acted  upon,  either  by  heat  or  chemically,  a 
current  of  electricity  will  be  produced  on  their  being  connected 
together. 

Zinc  being  one  of  the  most  oxydable  metals,  and  being  also 
sufficiently  cheap  and  abundant,  is  generally  used  by  preference 
for  voltaic  combinations.  Silver,  gold,  and  platinum  are  seve- 
rally less  susceptible  of  oxydation,  and  of  chemical  action 
generally,  than  copper,  and  would  therefore  answer  voltaic 
purposes  better,  but  are  excluded  by  their  greater  cost,  and  by 
the  fact  that  copper  is  found  sufficient  for  all  practical  purposes. 

29.  It  is  not,  however,  absolutely  necessary  that  the  inoxyd- 
able  element  c  c  of  the  combination  should  be  a  metal  at  all.   It 
is  only  necessary  that  it  be  a  good  conductor  of  electricity.     In 
certain  voltaic  combinations,   charcoal  properly  solidified  has 
therefore  been  substituted  for  copper,  the  solution  being  such  as 
would  produce  a  strong  chemical  action  on  copper. 

30.  In  the  above  illustration,  we  have  supposed  that  the 
metallic  elements  of  the  combination  are  thin  rectangular  slips 
cut  from  the  sheet  metal.     The  form,  however,  is  in  no  manner 
essential  to  the  production  of  the  electric  current.     So  long  as 
the  magnitude  of  the  surfaces  exposed  to  contact  with  the  solu- 
tion is  the  same,  the  current  will  have  the  same  force.     The 
pieces  of  metal  may  therefore  have  the  form  here  supposed  of 
thin  rectangular  plates,  or  they  may  be  formed,  as  is  often 
found  convenient,   into  hollow  cylinders,   that  of  the  copper 
being  so  much  less  in  diameter  than  that  of  the  zinc,  that  it  is 
capable  of  being  placed  within  it  without  mutual  contact. 

The  simple  arrangement  first  adopted  by  Volta  consisted  of 
two  equal  discs  of  metal,  one  of  zinc,  and  the  other  of  copper 
or  silver,  with  a  disc  of  cloth  or  bibulous  card,  soaked  in  an  acid 
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or  saline  solution,  between  them.  These  were  usually  laid,  with 
their  surfaces  horizontal,  one  upon  the  other. 

31.  To  produce  the  effects,  whatever  these  may  be,  by  which 
the  telegraphic  messages  are  expressed,  it  is  necessary  that  the 
electric  current  shall  have  a  certain  intensity.  Now,  the  inten- 
sity of  the  current  transmitted  by  a  given  voltaic  battery  along 
a  given  line  of  wire  will  decrease,  other  things  being  the  same, 
in  the  same  proportion  as  the  length  of  the  wire  increases. 
Thus,  if  the  wire  be  continued  for  10  miles,  the  current  will 
have  twice  the  intensity  which  it  would  have  if  the  wire  had 
been  extended  to  a  distance  of  20  miles. 

It  is  evident,  therefore,  that  the  wire  may  be  continued  to 
such  a  length  that  the  current  will  no  longer  have  sufficient 
intensity  to  produce  at  the  station  to  which  the  despatch  is 
transmitted  those  effects  by  which  the  language  of  the  despatch 
is  signified. 

The  intensity  of  the  current  transmitted  by  a  given  voltaic 
battery  upon  a  wire  of  given  length,  will  be  increased  in  the 
same  proportion  as  the  area  of  the  section  of  the  wire  is  aug- 
mented. Thus,  if  the  diameter  of  the  wire  be  doubled,  the  area 
of  its  section  being  increased  in  a  fourfold  proportion,  the 
intensity  of  the  current  transmitted  along  the  wire  will  be  in- 
creased in  the  same  ratio. 

In  fine,  the  intensity  of  the  current  may  also  be  augmented 
by  increasing  the  number  of  pairs  of  generating  plates  or  cylin- 
ders composing  the  galvanic  battery. 

Since  it  has  been  found  most  convenient  generally  to  use  iron 
as  the  material  for  the  conducting  wires,  it  is  of  no  practical 
importance  to  take  into  account  the  influence  which  the  quality 
of  the  metal  may  produce  upon  the  intensity  of  the  current.  It 
may  be  useful  nevertheless  to  state  that,  other  things  being  the 
same,  the  intensity  of  the  current  will  be  in  the  proportion  of 
the  conducting  power  of  the  metal  of  which  the  wire  is  formed, 
and  that  copper  is  the  best  conductor  of  the  metals. 

M.  Pouillet  found,  by  well-conducted  experiments,  that  the 
current  supplied  by  a  voltaic  battery  of  ten  pairs  of  plates, 
transmitted  upon  a  copper  wire,  having  a  diameter  of  four- 
thousandths  of  an  inch,  and  a  length  of  six-tenths  of  a  mile, 
was  sufficiently  intense  for  all  the  common  telegraphic  purposes. 
Now,  if  we  suppose  that  the  wire,  instead  of  being  four- 
thousandths  of  an  inch  in  diameter,  has  a  diameter  of  a  quarter 
of  an  inch,  its  diameter  being  greater  in  the  ratio  of  62^  to  1, 
its  section  will  be  greater  in  the  ratio  of  nearly  4000  to  1,  and  it 
will  consequently  carry  a  current  of  equal  intensity  over  a  length 
of  wire  4000  times  greater,  that  is,  over  2,400  miles  of  wire. 


H  THE  ELECTRIC  TELEGRAPH. 

But  in  practice  it  is  needless  to  push  the  powers  of  trans- 
mission to  any  such  extreme  limits.  To  reinforce  and  maintain 
the  intensity  of  the  current,  it  is  only  necessary  to  establish  at 
convenient  intervals  along  the  line  of  wires  intermediate  bat- 
teries, by  which  fresh  supplies  of  the  electric  fluid  shall  be  pro- 
duced ;  and  this  may  in  all  cases  be  easily  accomplished,  the 
intermediate  telegraphic  stations  being  at  distances,  one  from 
another,  much  less  than  the  limit  which  would  injuriously  im- 
pair the  intensity  of  the  current. 

It  is,  in  fact,  economical  to  distribute  the  battery  power  in 
this  manner  upon  a  line  of  telegraph,  as  the  current  set  in 
motion  on  each  section  is  much  less  intense,  and  therefore  has 
not  so  great  a  tendency  to  escape  at  the  points  of  insulation. 

Having  thus  explained  the  means  by  which  an  electric  current 
can  be  conducted  from  any  one  place  upon  the  earth's  surface  to 
any  other,  no  matter  what  be  the  distance  between  them,  and 
how  all  the  necessary  or  desired  intensity  may  be  imparted  to  it, 
we  shall  now  proceed  to  explain  the  expedients  by  which  such  a 
current  may  enable  a  person  at  one  place  to  convey  instanta- 
neously to  another  place,  no  matter  how  distant,  signs  serving 
the  purpose  of  written  language. 

It  may  be  shortly  stated  that  the  production  of  such  signs 
depends  on  the  power  of  the  agent  transmitting  the  current  to 
transmit,  suspend,  intermit,  divert,  and  reverse  it  at  pleasure. 

32.  Although  there  is  some  discordance  in  the  results  of 
experiments  made  to  determine  the  velocity  of  the  current,  they 
all  agree  in  proving  it  to  be  prodigious.  It  varies  according  to 
the  conducting  power  of  the  metal  of  which  the  wire  is  com- 
posed. On  copper  wire,  its  velocity,  according  to  Professor 
Wheatstone's  experiments,  is  288,000  miles;  and  according  to 
those  of  MM.  Pizeau  and  Gonelle,  112,680  miles,  per  second. 
It  should  be  borne  in  mind  that  these  experiments  were  made 
with  frictional  (or  machine)  electricity,  upon  short  lengths  of 
wire  in  a  room,  and  that  this  species  of  electricity  has  been 
found  too  volatile  and  evanescent  to  be  employed  practically  for 
telegraphic  purposes.  On  the  iron  wire  used  for  telegraphic 
purposes,  its  velocity  is  62,000  miles  per  second,  according  to 
Fizeau  and  Ponelle;  28,500  according  to  Professor  Mitchell,  of 
Cincinnati ;  and  about  16,000  according  to  Professor  Walker,  of 
the  United  States.  When,  however,  wires  covered  with  gutta 
percha  were  brought  into  use  and  laid  in  considerable  lengths 
underground,  it  was  found  that  the  transmission  of  the  current 
through  the  wire  was  greatly  reduced  in  speed.  A  series  of 
experiments  on  this  point  were  reported  by  the  writer  in  a 
lecture  at  the  British  Association  of  1854,  showing  the  rate  of 
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passage  of  the  currents  through  underground  copper  wires  of 
No.  16  gauge  thus  insulated,  to  be  about  1000  miles  per  second, 
the  velocity  varying  somewhat  with  the  character  of  the  electric 
current  employed.  He  referred  this  reduction  of  velocity  to  the 
analogy  between  a  wire  so  circumstanced  and  the  internal 
coating  of  a  Ley  den  jar ;  the  analogy  resulting  in  the  temporary 
retention  of  an  electric  charge  by  the  gutta  percha  coated  wire. 
It  was  also  found  that  part  of  the  electric  charge  communicated 
to  the  wire  was,  upon  the  withdrawal  of  the  voltaic  battery, 
quickly  thrown  back  to  the  starting-point.  This  would  follow 
in  consequence  of  the  electricity  temporarily  absorbed  by  the 
half-length  of  wire  nearest  the  starting-point  naturally  finding 
it  a  shorter  path  of  discharge  to  return  whence  it  came. 

These  phenomena  were  most  ably  analysed  by  Dr.  Faraday, 
and  completed  the  remaining  link  of  comparison,  then  wanting, 
between  what  had  been  termed  static  and  dynamic  electricities.* 

It  is  evident,  therefore,  that  the  interval  which  must  elapse 
between  the  production  of  any  change  in  the  state  of  the  current 
at  one  telegraphic  station,  and  the  production  of  the  same  change 
at  any  other  on  an  overground  line,  cannot  exceed  a  very  minute 
portion  of  a  second ;  and  since  the  transmission  of  signals  de- 
pends exclusively  on  the  production  of  such  changes,  it  follows 
that  such  transmission  must  be  practically  instantaneous. 

In  the  transmission  of  signals  through  the  2,500  miles  of 
gutta-percha-covered  wire,  forming  the  conductor  of  the  Atlan- 
tic cable  of  1858,  intervals  varying  from  2f  to  4  seconds  were 
actually  observed  to  elapse  between  the  communication  of  the 
electric  spark  at  the  one  end  of  the  cable  and  its  appearance  at 
the  other  end.  It  was  also,  however,  found  that  several  currents 
of  different  kinds  might  be  made  to  traverse  the  Atlantic  wire  in 
the  same  direction  without  interfering  with  the  action  of  each 
other  on  arriving  at  the  further  end. 

33.  Since  all  telegraphic  signals  depend  on  the  power  of  the 
agent  who  makes  them,  to  transmit,  control,  and  modify  the 
current  at  will,  it  must  be  apparent  how  important  it  is  for 
those  who  desire  to  understand  this  interesting  subject,  to  com- 
prehend, in  the  first  instance,  the  means  by  which  this  power  is 
obtained  and  exercised. 

It  is  necessary  to  remember  that  the  current  will  flow  along  a 
line  of  conducting  wire  so  long  as,  and  no  longer  than,  a  voltaic 
battery  is  interposed  at  some  point  on  the  line,  the  wire  being 
attached  to  its  poles,  and  the  remote  ends  of  the  wire  connected 
with  the  earth,  as  explained  in  (23),  and  that,  provided  the 
battery  have  adequate  force,  it  does  not  matter  how  distant 
*  See  "Report  Brit.  Assoc.  1854." 


16  THE  ELECTEIC  TELEGRAPH. 

from  its  poles  the  points  may  be  at  which  the  wires  are  con- 
nected with  the  earth. 

If  at  any  point  of  the  line  the  wire  is  broken,  the  current 
instantly  ceases  along  the  entire  line.  If  it  be  reunited,  the 
current  is  instantly  re-established.  If  the  connection  of  the 
wire  with  the  poles  of  the  battery  be  reversed,  so  that  the  end 
which  was  connected  with  the  positive  is  transferred  to  the 
negative  pole,  and  vice  versa,  the  direction  of  the  current  along 
the  entire  line  is  reversed — since  it  must  always  flow  from  the 
positive  and  to  the  negative  pole.  If  at  any  point  the  wire, 
being  broken,  be  connected  with  another  wire  proceeding  to  the 
earth  in  any  other  direction,  the  current  will  be  diverted  to  the 
latter  wire,  deserting  its  former  course.  If  the  wire  conducting 
the  current  be  connected  at  the  same  point  with  two  wires  both 
connected  with  the  earth,  it  will  be  distributed  between  the  two, 
the  greater  part,  however,  following  that  wire  which  offers  the 
easier  road  to  the  earth. 

These  few  principles,  which  are  clear  and  simple,  supply  an 
easy  key  to  the  whole  art  of  electro-telegraphy. 

The  manner  in  which  the  pulsations  of  the  current  are  pro- 
duced, controlled,  and  regulated  by  the  operator  at  a  station 
being  understood,  it  will  next  be  necessary  to  show  how  they 
are  made  to  produce  signals  at  the  station  to  which  the  despatch 
is  transmitted,  by  which  the  operator  or  observer  there  can  be 
enabled  to  understand  and  interpret  the  communication. 

The  effects  of  the  current  which  have  been  found  most  conve- 
nient for  this  purpose,  are — 

1st.  Its  power  to  deflect  a  magnetic  needle  from  its  position  of 
rest,  and  to  throw  it  into  another  direction. 

2nd.  Its  power  to  impart  temporary  magnetism  to  soft  iron, 
this  magnetism  suddenly  deserting  the  iron  when  the  current  is 
suspended. 

3rd.  Its  power  to  produce  the  chemical  decomposition  of  cer- 
tain substances. 

All  forms  of  electric  telegraph  depend  on  one  or  other  of  these 
Fig  3  properties  of  the  current. 

If  a  wire  be  extended  over  and 
under  a  compass-needle  which  di- 
rects itself  to  the  magnetic  north 
and  south,  parallel  to  the  needle, 

an<^  as   c^ose   *°  ^  as   **  can  ke 
placed  without   actually  touching 
it,    as   represented    in  fig.  3,    the 
f      needle  will  remain  undisturbed  in 
its  position.    Let  the  ends  p  and  n  of  the  wire  be  then  attached 


*? 
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to  the  poles  of  a  voltaic  battery,  so  that  a  current  of  a  certain 
intensity  shall  be  transmitted  upon  it.  The  moment  the  cur- 
rent is  established  upon  the  wire,  the  magnetic  needle  a  ~b  will 
be  thrown  out  of  its  usual  direction,  and  instead  of  pointing 
north  and  south,  it  will  point  east  and  west. 

If  the  direction  of  the  current  upon  the  wire  be  reversed,  the 
direction  of  the  deflection  of  the  needle  will  be  reversed. 


Fig.  4. — MAGNETO-ELECTKIC  MACHINE. 
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Method  of  mounting  the  needle. — 38.  Method  of  transmitting  signals 
by  the  galvanometer. — 39.  How  the  current  may  produce  a  tempo- 
rary magnet. — 40.  Electro-magnets  acquire  and  lose  their  magnetism 
instantaneously. — 41.  How  magnetic  pulsations  are  rendered  visible 
and  counted. — 42.  Extraordinary  celerity  of  the  oscillations  thus  pro- 
duced.— 43.  They  produce  musical  sounds  by  which  the  rate  of  vibra- 
tion may  be  estimated. — 44.  How  the  vibrations  may  impart  motion 
to  clock-work. — 45.  Their  action  on  an  escapement. — 46.  How  the 
movement  of  one  clock  may  be  transmitted  by  the  current  to  another. 
— 47.  How  an  electro- magnet  may  produce  written  characters  on 
paper  at  a  distant  station. — 48.  How  the  motion  of  the  hand  upon  a 
dial  at  one  station  can  produce  a  like  motion  of  a  hand  upon  a  dial  at 
a  distant  station. — 49.  How  an  agent  at  one  station  can  ring  an 
alarum  at  another  station. — 50.  Or  may  discharge  a  gun  or  cannon 


DEFLECTION  OF  THE  NEEDLE. 


19 


there.— 51.  Power  of  the  bell  or  other  signal  not  dependent  on  the 
force  of  the  current. — 52.  Mechanism  of  telegraphic  alarum. — 53. 
Various  alarums  in  telegraphic  offices. — 54.  Magneto-electricity. — 
55.  Method  of  producing  a  momentary  magneto-electric  current. — 56. 
Application  of  an  electro-magnet  to  produce  it. — 57.  Momentary  cur- 
rents alternately  in  contrary  directions. — 58.  Method  of  producing 
momentary  currents  all  in  the  same  direction. — 59.  Magneto-electric 
machine. — 60.  Chemical  pi-operty  of  the  electric  current. 

34,  To  explain  the  manner  in  which  the  deflection  of  the 
magnetic  needle  depends  on  the  direction  of  the  current,  let  us 
suppose  the  needle  to  be  placed  on  an  horizontal  axis  0,  fig.  5,  so 


Fig.  5. 


as  to  play  in  a  vertical  plane,  and  to  be 

maintained  in    the  vertical  direction 

when  not  affected  by  the  current,  by 

giving  a  slight  preponderance  to  the 

arm  on  which  the  south  pole  of  the 

needle  is  placed.    By  this  arrangement 

the  needle,  when  undisturbed,  will  rest      g? 

in  the  vertical  position,  the  north  pole 

N  being  directed    upwards,   and  the 

south  pole  s  being  directed  downwards. 
Now  if  the  current  which  is  before 

the  needle  be  directed  downwards  and 

that  which  is  behind  it  upwards,  the 

north  pole  N  will  be  deflected  to  the 

right ,  and  consequently  the  south  pole  s  to  the  left ,  as  represented 

in  the  figure.     But  if  the  direction  of  the  current  be  reversed  so 

that  he/ore  the  needle,  it  shall  be  directed  upwards  and  behind 

it  downwards,  the  north  pole  N  will  be  deflected  to  the  left  and 

the  south  pole  s  to  the  right. 

If  the  intensity  of  the  current  be  great,  and  the  preponderance 
given  to  the  lower  arm  of  the  needle  small,  the  deflective  force 
of  the  current  will  be  sufficient  to  throw  the  needle  completely 
at  right  angles  to  its  position  of  rest,  that  is,  to  give  it  the  hori- 
zontal direction ;  but  it  is  important  to  observe,  that  no  greater 
intensity  of  the  current  can  affect  it  further.  The  north  pole, 
for  example,  cannot  be  deflected  downwards,  or  the  south  pole 
upwards.  In  fine,  the  needle  cannot  be  more  affected  by  any 
increase  of  force  of  the  current  after  it  has  once  been  thrown 
into  the  horizontal  direction. 

If  the  intensity  of  the  current  be  insufficient  to  throw  the 
needle  into  the  horizontal  direction,  it  will  nevertheless  take  a 
position  intermediate  between  that  and  the  vertical  direction  at 
which  it  will  rest.  Its  deflection  from  the  vertical  will  be  more 
and  more  considerable  as  the  current  is  more  intense,  and  cer- 
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tain  mathematical  conditions  have  been  discovered  by  which 
the  relative  intensity  of  the  current  may  be  determined  by  the 
amount  of  the  deflection  of  the  needle  which  it  produces. 

35.  It  is  evident  that  the  sensibility  of  the  needle  will  be  so 
much  the  greater  as  the  preponderance  of  the  arm  s  is  diminished 
and  the  intensity  of  the  current  increased.     An  expedient  has, 
however,  been  ingeniously  contrived,  by  which  the  most  feeble 
current  can  be  made  to  affect  the  needle.     This  is  accomplished 
by  winding  the  wire  which  carries  the  current  several  times 
round  the  needle,  each  coil  being  still  parallel  to  the  needle. 
By  this  contrivance,  each  successive  coil  of  the  wire  produces  a 
separate  effect  upon  the  needle,  and  if  there  be  fifty  such  coils 
passing  successively  before  and  behind  the  needle,  each  portion 
of  the  wire  thus  carrying  the  current  producing  an  independent 
deflecting  force,  there  will  be  a  total  deflecting  force  an  hundred 
times  greater  than  that  which  a  single  portion  of  the  wire  pass- 
ing once  over  or  under  the  needle  would  produce. 

In  this  manner  the  deflecting  power  of  the  most  feeble  current 
may  be  so  multiplied  as  to  produce  upon  the  needle  as  powerful 
an  effect  as  would  be  produced  by  a  current  of  great  intensity. 

An  apparatus  consisting  of  wire  thus  coiled  round  a  magnetic 
needle  is  called  a  MULTIPLIER,  inasmuch  as  it  multiplies  the 
deflecting  power  of  the  needle.  It  is  also  called  a  REOSCOPE, 
or  REOMETER,*  and  sometimes  a  GALVANOSCOPE,  or  GALVANO- 
METER, inasmuch  as  it  indicates  the  presence,  and  by  certain 
arrangements  measures  the  intensity,  of  a  galvanic  or  voltaic 
current. 

36.  When  the  conducting  wire  is  thus  coiled  round  a  needle, 
it  is  necessary  that  it  should  be  covered  or  coated  by  some  sub- 
stance which  is  a  non-conductor  of  electricity,  since  otherwise 
the  coils  being  necessarily  in  contact  one  with  another,   the 
current,   instead  of  following  the  continuous  thread  of  wire, 
would  pass  from  coil  to  coil.     In  such  cases,  therefore,  the  wire 
is  wrapped  with  silk  or  cotton,  which  being  a  non-conductor, 
confines  the  current  within  it  just  as  water  would  be  included 
in  a  pipe. 

37.  As  the  wire  coiled  in  the  manner  above  described,  and 
tfce  frame  which  carries  it,  would  prevent  the  play  of  the  needle 
from  being  easily  and  conveniently  observed,  the  needle  in- 
cluded within  the  frame  is  fixed  upon  the  axis  which  supports 
it,  so  that  the  axis  turns  with  it.     This  axis  passes  through  the 
side  of  the  frame,  on  which  the  wire  is  coiled,  and  upon  the  end 

*  From  two  Greek  words,  peos  (reos)  a  current,  and  perpov  (metron)  a 
measure. 
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of  it  which  projects  beyond  the  frame  an  index  hand  is  fixed,  so 
as  to  be  parallel  to  the  needle,  the  play  of  which  will  necessarily 
correspond  with  that  of  the  needle.  This  hand  plays  upon  a 
sort  of  dial,  by  which  its  deviations  to  the  right  or  to  the  left 
from  its  position  of  rest  are  indicated. 

This  will  be  more  clearly  understood  by  reference  to  fig.  6, 
which  represents  a  section  of  the  mounting  of  the  needle,  the 
coil  of  wire  and  their  appendages,  made  by  a  vertical  plane 
through  the  axis  of  the  needle.  The  needle  within  the  coil  is 
represented  at  a  &,  in  its  position  of  rest.  The  axis  of  the  needle 
passing  through  the  frame  supporting  the  coil,  and  through  the 
dial  plate,  supports  in  front  of  the  dial  the  hand  a!  V,  which  is 
fixed  upon  the  axis  in  a  position  parallel  to 
the  needle  a  &,  so  that  it  must  play  before  the 
dial  in  a  manner  corresponding  exactly  with 
the  play  of  the  needle  a  &  within  the  coil. 

38.  In  order  to  govern  the  play  of  the 
needle,  it  is  necessary  that  the  agent  at  the 
station  from  which  the  signal  is  transmitted 
should  have  the  power,  1st.  To  suspend  and 
transmit  the  current  at  the  receiving  station ; 
and  2nd.  To  change  its  direction  upon  the 
conducting  wire.  The  former  is  necessary,  to 
enable  him  to  bring  at  all  times  the  needle  to 
its  position  of  rest ;  and  the  latter,  to  deflect 
it  to  the  right  or  to  the  left,  according  to  the 
exigencies  of  the  telegraphic  communications. 

The    general    principle    on    which    these 
in  the  flow  and  direction  of  the 


current  are  effected,  has  been  already  explained.  It  is  easy 
to  imagine,  that  by  very  simple  mechanism  the  movement  of  a 
lever  or  arm  may  make  or  break  the  contact  of  the  conducting 
wires,  so  as  to  transmit  or  suspend  the  current  at  pleasure.  Also 
by  a  simple  motion  of  such  an  arm  the  contact  makers,  or  their 
equivalents,  may  be  moved  from  one  side  to  the  other,  so 
as  to  reverse  the  current  upon  the  wire  to  which  the  arm  is 
directed. 

If  then  an  agent  at  the  station  be  provided  with  any  means 
of  suspending  or  reversing  the  current  which  passes  along 
the  wire,  he  can  at  will  bring  a  magnetic  needle  at  the  distant 
station  to  its  position  of  rest,  that  is,  to  the  vertical  posi- 
tion, by  suspending  the  current;  or  deflect  it  to  the  right, 
by  causing  the  current  to  flow  in  one  direction  on  the  con- 
ducting wire ;  or  to  the  left,  by  reversing  the  direction  of  the 
current. 
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The  particular  manner  in  which  these  several  operations  sub- 
serve to  telegraphic  purposes  will  be  presently  explained . 
39.  To  explain  the  manner  in  which  the  electric  current  can 
Fi    7  impart  temporary  magnetism  to  soft  iron, 

let  us  suppose  a  copper  wire  wrapped  with 
silk,  to  prevent  the  metallic  contact  of 
contiguous  convolutions,  to  be  coiled 
round  a  rod  of  soft  iron,  bent  into  the 
form  of  a  horse-shoe,  as  represented  in 
fig.  7,  care  being  taken,  that  in  carrying 
the  wire  from  one  arm  to  the  other,  the 
direction  of  the  convolutions  shall  be  the 
same  as  if  the  coils  had  been  continued 
round  the  bend. 
So  long  as  no  electric  current  passes  along  the  convolutions  of 
the  wire  the  horse- shoe  will  be  free  from  magnetism.  But  if 
the  ends  of  the  wire,  marked  +  and  — ,  be  put  in  connection 
with  the  poles  of  a  voltaic  battery,  so  that  a  current  flow  round 
its  convolutions,  the  horse-shoe  will  instantly  become  a  magnet, 
and  will  be  so  much  the  more  powerful  as  the  current  is  more 
intense,  and  the  coils  more  multiplied. 

If  an  armature  loaded  with  a  weight  be  presented  to  the  ends 
of  the  horse-shoe  while  the  current  passes  on  the  wire,  it  will 
adhere  to  them,  and  the  weight,  if  not  too  great,  will  be  sup- 
ported. 

In  1830  an  electro-magnet  of  extraordinary  power  was  con- 
structed under  the  superintendence 
of  M.  Pouillet,  at  Paris.  This 
apparatus,  represented  in  fig.  8, 
consists  of  two  horse-shoes,  the  legs 
of  which  are  presented  to  each 
other,  the  bends  being  turned  in 
contrary  directions.  The  superior 
horse -shoe  is  fixed  in  the  frame  of 
the  apparatus,  the  inferior  being 
attached  to  a  cross-piece  which 
slides  in  vertical  grooves  formed  in 
the  sides  of  the  frame.  To  this 
cross-piece  a  dish  or  plateau  is  sus- 
pended in  which  weights  are  placed, 
by  the  effect  of  which  the  attrac- 
tion which  unites  the  two  horse-shoes  is  at  length  overcome. 
Each  of  the  horse-shoes  is  wrapped  with  10,000  feet  of 
covered  wire,  and  they  are  so  arranged  that  the  poles  of  con- 
trary names  shall  be  in  contact.  With  a  current  of  moderate 


Fig.  8. 
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intensity  the  apparatus  is  capable  of  supporting  a  weight  of 
several  tons. 

It  is  found  more  convenient  generally  to  construct  electro- 
magnets of  two  straight  bars  of  soft  iron,  united  at  one  end  by 
a  straight  bar  transverse  to  them,  and  attached  to  them  by 
screws,  so  that  the  form  of  the  magnet  ceases  to  be  that  of  a 
horse-shoe,  the  end  at  which  the  legs  are  united  being  not 
curved  but  square.  The  conductor  of  the  heliacal  current  is 
usually  a  copper  wire  of  extreme  tenuity. 

40.  In  whatever  form  these  magnets  are  constructed,  the  cir- 
cumstance which  in  their  telegraphic  use  is  of  most  importance 
to  notice,  is  that  if  proper  conditions  be  observed  in  their  pre- 
paration, their  acquisition  of  the  magnetic  virtue  upon  the  esta- 
blishment of  the  current,  and  their  loss  of  it  upon  the  suspen- 
sion of  the  current,  are,  for  all  practical  purposes,  instantaneous. 
The  moment  the  extremities  of  the  wire  coiled  round  the  horse- 
shoe are  put  into  connection  with  the  poles  of  the  battery  the 
horse-shoe  becomes  a  magnet,  and  the  moment  the  connection 
with  the  battery  is  broken  it  loses  the  magnetic  virtue. 

It  has  been  already  shown,  that  by  means  of  very  simple 
expedients,  the  current  may  be  interrupted  hundreds  or  even 
thousands  of  times  in  a  second,  being  fully  re-established  in  the 
intervals.  The  acquisition  and  loss  of  magnetism  by  the  horse- 
shoe accompany  these  pulsations  with  the  most  perfect  and 
absolute  simultaneity.  If  the  pulsations  of  the  current  be  pro- 
duced, at  the  rate  of  a  thousand  per  second,  the  alternate  pre- 
sence and  absence  of  the  magnetic  virtue  in  the  horse-shoe  will 
equally  be  produced  at  the  rate  of  a  thousand  per  second.  Nor 
are  these  effects  in  any  way  modified  by  the  distance  of  the 
place  of  interruption  of  the  current  from  the  magnet.  Thus, 
pulsations  of  the  current  may  be  produced  by  an  operator  in 
London,  and  the  simultaneous  pulsations  of  the  magnetism  may 
take  place  at  Vienna,  provided  only  that  the  two  places  are 
connected  by  a  continuous  series  of  conducting  wires. 

41.  It  remains  to  show  how  these  rapid  pulsations  of  the 
magnetism  of  the  bar  can  be  rendered  sensible,  and  how  they 
may  even  be  estimated  and  counted. 

Let  two  straight  rods  of  soft  iron  be  surrounded  by  a  succes- 
sion of  convolutions  of  covered  wire,  such  as  has  been  already 
described,  and  let  the  ends,  m,  m',  fig.  9,  of  these  rods  be  con- 
nected by  a  straight  bar  of  soft  iron,  attached  to  them  by  screws 
and  nuts.  Let  the  wire,  a  &,  proceeding  from  a  distant  station, 
s,  be  put  in  metallic  connection  with  the  extremity  of  the  wire 
coiled  upon  the  rod,  m,  and  let  the  wire,  a'  b',  connected  with  the 
extremity  of  the  last  convolution  of  the  wire  on  the  rod,  m',  be 
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put  in  metallic  connection  with  the  earth.     If  a  current  flow 
Fig<  9.  along  a  Z>,  it  mil  therefore  circulate 

round  the  rods,  m  and  m',  and  will 
pass  to  the  earth  by  the  wire,  a'  V.  So 
long  as  this  current  flows,  the  rods 
will  be  magnetic,  and  they  will  lose 
their  magnetism  in  the  intervals  of  its 
suspension. 

Let  g  li  be  a  light  iron  bar,  sup- 
ported on  a  pivot,  at  o,  on  which  it 
is  capable  of  playing,  so  that  its  arm, 
o  g,  may  move  freely  to  the  right  or 
left.  Let  t  if  be  two  stops,  placed  a 
small  distance  to  the  right  and  left  of 
its  extremity,  </,  so  as  to  limit  the  range 
of  its  play.  Let  s  be  a  spring  attached 
to  the  extremity,  h,  by  which  that  ex- 
tremity will  be  constantly  drawn  to  the 
left,  and  therefore  the  opposite  extremity,  g,  thrown  to  the  right 
against  the  stop,  t.  When  the  current  is  suspended,  and  the 
rods,  m  m',  divested  of  magnetism,  the  lever  yielding  to  the 
action  of  the  spring,  s,  the  end,  g,  will  rest  against  the  stop,  t. 
But  when  the  current  passes  on  the  wire,  the  rods,  m  m',  be- 
coming magnetic,  will  attract  the  arm,  o  g,  of  the  lever,  and 
this  attraction  exceeding  the  force  of  the  spring,  the  arm,  o  g, 
will  be  drawn  towards  the  electro-magnet,  until  it  encounters 
the  stop,  tf,  against  which  it  will  rest  so  long  as  the  current 
continues  to  flow.  But  the  moment  the  current  is  suspended, 
the  bars,  m  m',  suddenly  losing  their  magnetism,  the  lever,  o  </, 
is  abandoned  to  the  action  of  the  spring,  and  it  is  again  thrown 
back  upon  the  stop,  t,  where  it  rests  until  the  current  is  re- 
established. 

Let  us  suppose  that  an  agent  at  the  station,  s,  to  which  the 
wire,  a  b,  extends,  and  which  may  be  at  any  distance,  500  miles 
for  example,  from  s",  is  supplied  with  any  of  the  means  which 
have  been  explained,  by  which  he  can  at  will  control  the  pulsa- 
tions of  the  current.  When  he  causes  the  current  to  flow,  he 
imparts  magnetism  to  the  bars,  m  m',  and  throws  the  lever,  (or 
armature)  o  g,  against  the  stop,  t'.  When  he  suspends  the  cur- 
rent he  deprives  the  bars,  m  m',  of  their  magnetism,  and  leaves 
the  lever,  o  g,  to  the  action  of  the  spring,  s,  by  which  it  is  thrown 
against  the  stop,  t. 

It  appears,  therefore,  thatwith  each  pulsation  which  the  current 
receives  from  the  agent  at  s,  the  armature,  o  g,  at  s",  500  miles 
distant  from  him,  will  perform  a  vibration  between  the  stops, 
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t  and  if.  As  the  transmission  and  suspension  of  the  current, 
and  also  the  acquisition  and  loss  of  the  magnetic  power,  by  the 
rods,  m  m',  are  both  instantaneous,  there  is  no  practical  limit  to 
the  velocity  of  the  pulsations  of  the  current  and  those  of  the 
magnetism  alternately  acquired  and  lost  by  the  rods,  m  m'. 
The  oscillations  of  the  armature,  o  g,  produced  by  these  pulsa- 
tions are  limited,  however,  by  its  weight,  the  force  of  the 
spring,  and  the  distance  between  the  stops,  t  and  t'.  The 
greater  the  weight  of  the  lever,  the  force  of  the  spring,  and  the 
distance  between  the  stops,  the  slower  will  be  the  motion  of  the 
lever  from  t  to  t',  produced  by  a  current  of  given  intensity. 
The  greater  the  weight  of  the  armature,  and  the/listance  between 
the  stops,  and  the  less  the  force  of  the  spring,  the  slower  will 
be  the  motion  from  t'  to  t. 

The  stop,  tf,  is  so  placed  as  to  prevent  the  absolute  contact  of 
the  arm  of  the  armature  with  the  electro-magnet,  but  to  allow  it 
to  approach  the  latter  very  closely.  Absolute  contact  is  to  be 
avoided,  because  it  is  found  that  in  that  case  the  arm  adheres  to 
the  magnet  with  a  certain  force  after  the  current  ceases  to  now, 
but  so  long  as  absolute  contact  is  prevented,  it  is  immediately 
brought  back  by  the  spring,  s,  when  the  current  is  suspended. 

42.  It  is  evident,  therefore,  that  the  limit  of  the  possible 
celerity  of  vibration  to  be  imparted  to  the  armature,  o  g,  by  the 
pulsations  of  the  current  will  depend  on  the  nice  adjustment  of  the 
weight  and  play  of  the  armature,  and  the  force  of  the  spring,  s. 

The  velocity  of  oscillation,  however,  which  can  in  this  way  be 
given  to  the  armature,  is  such  as  can  scarcely  be  credited  with- 
out actually  witnessing  its  effects.  When  that  velocity  does  not 
exceed  a  certain  limit  the  oscillations  may  be  registered  and 
counted,  by  causing  the  armature  to  give  motion  to  the  anchor  of 
an  escapement,  connected  with  a  train  of  wheel- work,  by  which  a 
hand  or  index,  moving  on  a  graduated  dial,  is  governed.  But 
these  oscillations  are  susceptible  of  velocities  so  great  that  it 
would  be  difficult  to  apply  this  expedient  for  counting  them. 
M.  Gustave  Froment,  of  Paris,  suggested  and  applied  to  this 
purpose  with  complete  success,  a  method  of  ascertaining  the 
velocity  depending  on  the  laws  which  govern  the  vibrations  of 
musical  strings. 

43.  It  is  well  known  that  the  pitch  of  any  musical  note  is  the 
consequence  of  the  rate  of  vibration  of  the  string  by  which  it  is 
produced,  and  that  the  more  rapid  the  vibration  the  higher  the 
note  will  be  in  the  musical  scale,  and  the  slower  the  vibration 
the  lower  it  will  be.     Thus  the  string  of  a  pianoforte  which 

produces  the  bass  note  cfe     j      vibrates  132  times  in  a  second, 
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that  winch  produces  the  note  T^  vibrates  66  times  in  a 

-e>- 

second,  and  that  which  produces  the  note  fc^EE  vibrates  264 

times  per  second. 

On  a  seven- octave  pianoforte  the  highest  note  in  the  treble  is 

three  octaves  above  fe=gz:,  and  the  lowest  note  in  the  bass  is 

four  octaves  below  it.  The  number  of  complete  vibrations 
corresponding  to  the  former  must  be  3520 ;  and  the  number  of 
vibrations  per  second  corresponding  to  the  latter  is  27^. 

If,  therefore,  the  lever,  o  g,  have  any  rate  of  vibration  more 
rapid  than  27^  vibrations  per  second,  and  less  rapid  than  3520 
per  second,  it  will  produce  by  its  motion  some  definite  musical 
sound,  and  if  the  note  formed  upon  a  pianoforte,  which  is  in 
unison  with  it,  be  found,  the  rate  of  vibration  of  the  string 
producing  that  note  will  be  the  same  as  that  of  the  lever. 

When  it  is  stated  that  the  vibrations  imparted  by  the  pulsa- 
tions of  the  current  to  levers,  mounted  in  the  manner  here 
described,  have  produced  musical  notes  nearly  two  octaves 
higher  than  the  highest  note  on  a  seven-octave  piano,  tuned  to 
concert  pitch,  it  may  be  conceived  in  how  rapid  a  manner  the 
transmission  and  suspension  of  the  electric  current,  the  acqui- 
sition and  loss  of  magnetism  in  the  soft  iron  rods,  and  the  con- 
sequent oscillation  of  kthe  lever,  upon  which  these  rods  act,  take 
place.  The  string  which  produces  the  highest  note,  on  such  a 
piano,  vibrates  3520  times  per  second.  A  string  which  would 
produce  a  note  an  octave  higher  would  vibrate  7040  times  per 
second,  and  one  which  would  produce  a  note  two  octaves  higher 
would  vibrate  14,080  times  per  second. 

It  may,  therefore,  be,  stated,  that  by  the  marvellously  subtle 
action  of  the  electric  current,  the  motion  of  a  pendulum  is  pro- 
duced, by  which  a  single  second  of  time  is  divided  into  from 
twelve  to  fourteen  thousand  equal  parts  ! 

44.  It  has  been  already  shown  how  the  motion  of  clock- 
work may  be  applied  to  control  and  regulate  thej  pulsations  of 
the  electric  current.     We  shall  now  show  how,  on  the  other 
hand,  the  pulsations  of  the  current  may  be  made  to  govern  the 
motion  of  wheel- work.     This  expedient  must  be  regarded  with 
the  more  interest  inasmuch  as  it  has  been  applied  with  the 
greatest  effect  in  several  of  the  varieties  of  electric  telegraph, 
which  have  been  proposed  or  brought  into  operation. 

45.  If  we  suppose  the  armature  y  li,  fig.  9,  to  be  put  into  con- 
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Fig.  10. 


nection  with  the  anchor  of  the  escapement  wheel  of  a  system  of 
clock-work,  it  will  be  easy  to  see  how  that  clock-work  can  be 
regulated  by  the  pulsations  of  the  electric  current. 

In  fig.  10,  w  w'  is  the  escapement  wheel  which  is  constantly 
impelled  by  the  force  of  a  descending  weight  or  mainspring  in 
the  direction  of  the 
arrows.  The  anchor, 
A  B  c,  of  the  escape- 
ment is  connected  with 
an  axis  D,  by  the 
straight  rod  B  D.  This 
rod  B  D  may  be  either 
the  vibrating  arm  of  a 
lever,  such  as  g  h,  fig. 
9,  kept  in  oscillation 
by  the  current  acting 
on  an  electro-magnet, 
or  it  may  be  connected 
with  such  a  lever  in 
any  convenient  man- 
ner, so  as  to  oscillate 
simultaneously  with 
it,  and  to  have  the 
extent  of  play  neces- 
sary  for  the  action  of 
the  pallets  A  and  c  of 
the  anchor  on  the  teeth 
of  the  escapement 
wheel. 

"When  the  anchor  is 
not  in  a  state  of  oscil- 
lation, a  tooth  of  the 
wheel  will  rest  upon 

one  of  its  pallets,  and  the  wheel  and  clock-work  connected  with 
it  will  be  stopped.  When  the  anchor  moves  from  left  to  right,, 
the  tooth  of  the  wheel,  which  was  previously  stopped  by  the 
upper  surface  n'  of  the  pallet  c,  is  allowed  to  escape,  and  in 
obedience  to  the  power  of  the  spring  or  weight,  which  moves 
the  clock-work,  it  advances  towards  mf.  Meanwhile  the  pallet  A 
enters  the  space  between  two  teeth  of  the  wheel,  one  of  which 
coming  against  its  lower  surface,  it  stops  its  motion.  When 
the  anchor  moves  back  from  right  to  left,  the  pallet  C  comes- 
under  the  next  tooth  of  the  wheel.  In  this  manner  every 
movement  of  the  anchor  to  the  right  lets  a  tooth,  which  was 
stopped  by  the  pallet  c,  advance,  and  afterwards  the  pallet  A 
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stops  the  advance  of  another  tooth,  while  every  movement  to 
the  left  lets  the  tooth  stopped  by  A  advance,  and  afterwards  the 
pallet  c  stops  the  next  tooth  which  advances  on  that  side. 

Thus  each  complete  oscillation  of  the  anchor,  consisting  of  a 
motion  to  the  right  and  a  motion  to  the  left,  lets  one  tooth  of 
the  escapement  wheel,  and  no  more,  pass. 

Now  if  we  suppose  the  pulsations  of  the  current  to  impart  to 
the  anchor  by  the  intervention  of  the  electro-magnet  and  its 
appendages  a  motion  of  vibration,  a  tooth  of  the  escapement 
wheel,  and  no  more  than  one  tooth,  will  pass  the  anchor  for 
each  pulsation  of  the  current.  If  the  current  be  suspended  the 
movement  of  the  escapement  wheel  and  the  clock-work  con- 
nected with  it  will  be  also  suspended,  and  when  the  pulsation 
of  the  current  recommences,  the  oscillations  of  the  anchor,  and 
consequently  the  motion  of  the  escapement  wheel,  and  the 
clock-work  connected  with  it,  will  also  recommence. 

46.  If  the  pulsations  of  the  current  be  regulated  (as  they 
may  be  according  to  what  has  been  already  explained),  by  the 
pendulum  of  a  clock  at  any  station,  the  motion  of  the  anchor  of 
the  escapement,  established  at  any  other  station  to  which  the 
current  is  transmitted,  will  be  synchronous  with  that  of  the 
pendulum  of  the  clock  which  governs  the  pulsations  of  the 
current ;  and  thus  a  regular  motion  may  be  imparted  by  one 
clock  to  another,  provided  that  between  them  there  be  esta- 
blished a  conductor ;  and  the  pendulum  of  the  one  clock  regu- 
lates the  pulsations  of  the  current,  which  govern  the  movement 
of  the  anchor  of  the  escapement  of  the  other. 

47.  If  the  extremity  of  the  lever,  o  g,  fig.  9,  carry  a  pencil, 
which  presses  upon  paper,  when  the  lever  is  drawn  towards  the 
electro-magnet,  and  if  at  the  same  time  the  paper  is  moved 
under  the  pencil  with  a  uniform  motion,  a  line  will  be  traced 
upon  the  paper  by  the  pencil,  the  length  of  which  will  be  pro- 
portionate to  that  of  the  interval  during  which  the  lever  o  g  is 
held   in  contact  with  the   stop  if.     Now  as  the    agent   at  s 
can  regulate  this  interval  at  will,  by  controlling  the  flow  of 
the  electric  current,  making  that  current  act  for  a  short  in- 
terval if  he  desire  to  make  a  short  line  upon  the  paper,  for  a 
long  interval  if  he  desire  to  make  a  long  line,   and  for  an 
instant  if  he  desire  to  make  merely  a  dot,  it  will  be  understood 
how  he  can  at  will  mark  a  sheet  of  paper  at  s",  500  miles 
distant,  with  any  desired  succession  of  lines  of  various  lengths 
or  of  dots,  and  how  he  may  combine  these  in  any  way  he  may 
find  suitable  to  his  purpose. 

We  have  here  supposed  the  pencil  attached  to  the  end  of  the 
lever  to  be  alternately  pressed  against  the  paper,  and  with- 
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drawn  from  it  by  the  motion  of  the  lever.  If,  however,  the 
paper  be  so  placed  that  the  lever  shall  oscillate  parallel  to  it, 
the  pencil  presented  to  the  paper  will  remain  permanently  in 
contact  with  it,  and  will  trace  upon  the  paper  a  line  alternately 
right  and  left,  whose  length  will  be  equal  to  the  play  of  the  end 
g  of  the  lever,  to  which  the  pencil  is  attached.  If  while  this 
takes  place  the  paper  be  moved  under  the  pencil  in  a  direction 
at  right  angles  to  the  line  of  its  play,  the  pencil  will  trace  upon 
the  paper  a  zigzag  line,  the  form  of  which  will  depend  on  the 
relation  between  the  motion  of  the  paper  and  that  of  the  pencil. 
When  the  current  is  in  this  case  suspended,  the  paper  being 
moved  under  the  pencil  at  rest,  a  straight  line  will  be  traced 
upon  it. 

Thus  the  paper  will  be  marked  either  with  a  zigzag  line 
or  a  straight  line,  according  as  the  current  is  transmitted  or 
suspended. 

If  the  current  be  alternately  transmitted  and  suspended 
during  intervals  of  unequal  length,  at  the  will  of  the  agent,  at 
s,  the  paper  at  s"  will  be  marked  by  a  line  alternately  zigzag 
and  straight,  the  length  of  the  zigzag  and  straight  parts  being 
varied  at  the  will  of  the  operator  at  s. 

How  these  subserve  to  telegraphic  purposes  will  be  presently 
more  fully  explained. 

48.  In  the  same  manner,  if  a  toothed  wheel,  moved  by  the 
agent  at  s,  produce  a  pulsation  of  the  current  by  the  passage  of 
each  successive  tooth,  these  pulsations  will  produce  simulta- 
neous oscillations  of  the  lever  o  g,  at  the  station  s",  and  if  these 
oscillations  act  upon  the  anchor  of  an  escapement  wheel  at- 
tached to  clock-work  at  s",  that  wheel  will  be  advanced  in  its 
revolution,  tooth  for  tooth,  with  the  wheel  at  s,  and  if  each  of 
these  wheels  govern  the  motions  of  hands  upon  dial  plates,  like 
the  hands  of  a  clock,  the  hand  of  the  dial  at  s"  will  have  the 
same  motion  exactly  as  the  hand  on  the  dial  at  s,  so  that  if  at 
the  commencement  of  the  motion  both  hands  point  to  the  same 
figure  or  letter  of  the  dial,  they  will  continue,  moving  together, 
to  point  always  to  the  same  figures  or  letters. 

Thus  if  the  operator  at  s  desire  to  direct  the  hand  on  the  dial 
at  s",  to  the  hour  of  3  or  5,  he  will  only  have  to  turn  the  hand 
upon  the  dial,  at  his  own  station,  to  the  one  or  the  other  of 
these  hours. 

It  will  presently,  also,  be  apparent  how  important  this  is  in 
the  art  of  electro-telegraphy. 

49.  If  the  lever  o  g,  fig.  9,  be  connected  with  the  tongue  of 
an  alarum-bell,  so  that  when  o  g  is  put  into  vibration  the  bell 
will  ring,  and  will  continue  to  ring  so  long  as  the  vibration 
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is  continued,  it  is  evident  that  the  operator  at  s  can,  at  will, 
ring  a  bell  at  s",  by  producing  pulsations  of  the  current  in  any 
of  the  ways  already  described. 

An  operator  at  s"  may  in  like  manner  ring  a  bell  at  s. 

By  this  mutual  power  of  ringing  bells,  each  operator  can  call 
the  attention  of  the  other,  when  he  is  about  to  transmit  a  des- 
patch, and  the  other  by  ringing  in  answer  can  signify  that  he  is 
prepared  to  receive  the  despatch,  as  already  stated. 

50.  If  the  lever  o  g  were  in  connection  with  the  lock  or  other 
mechanism,  by  which  the  powder  charging  a  cannon  is  fired,  the 
operator  at  T  could  at  will  discharge  a  cannon  at  R,  no  matter 
what  may  be  the  distance  of  R  from  T. 

51.  It  will  .be  observed  that  when  a  bell  is  rung,  or  any 
similar  signal  produced  at  the  station  s",  by  means  of  an  electric 
current  transmitted  from  a  distant  station,  s,  it  is  not  directly 
the  force  of  the  current  which  acts  upon  the  object  by  which 
the  signal  is  made.     The  current  is  only  indirectly  engaged, 
producing  the  result  by  liberating  the  mechanism  which  makes 
the  signal  and  leaving  the  force  which  moves  it  free  to  act. 
Thus  in  the  most  usual  case  of  a  bell,  it  is  acted  upon  while  it 
rings,  not  by  the  current,  but  by  the  force  of  a  mainspring  or 
descending  weight,  transmitted  to  the  hammer  or  tongue  in  the 
same  manner  exactly  as  that  in  which  the  force  of  a  mainspring 
or  weight  of  a  clock  is  transmitted  to  the  striking  apparatus. 
The  current  does  nothing  more  than  disengage  a  catch  by  which 
the  motion  of  the  wheel- work  acted  on  by  the  mainspring  or 
weight  is  arrested.     The  catch  once  disengaged,  the  action  of 
the  current  on  the  bell  ceases,  and  the  ringing  is  continued  by 
the  action  of  the  mainspring  or  weight,  and  it  may  in  like 
manner  be  stopped  by  the  current  again  throwing  the  catch 
between  the  teeth  of  one  of  the  wheels. 

It  will,  therefore,  be  apparent  that  since  the  force  which 
impels  the  bell  is  independent  of  the  current,  a  bell  of  any  de- 
sired magnitude  may  be  acted  upon  by  a  hammer  of  any  desired 
weight,  without  requiring  any  more  force  from  the*current  than 
that  which  is  sufficient  to  enable  the  electro-magnet  to  disengage 
the  catch  by  which  the  mechanism  of  the  bell  is  arrested. 

52.  Although  the  bell  mechanism  used  for  telegraphs  differs  in 
nothing  which  is  essential  from  that  of  a  common  alarum  clock, 
it  may  not  be  without  interest  to  show  one  of  the  varieties  of 
mechanism  in  practical  use. 

In  fig.  11  is  given  a  view  of  the  bell  mechanism,  as  used  on 
the  telegraphic  line  of  the  South-Eastern  Eailway  Company.* 
A  is  the  electro-magnet. 

*  Elect.  Tel.  Manip.,  p.  23. 
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Fig.  11. 


B  its  armature. 

B  e  a  lever  attached  at  the  upper  end  to  the  armature,  and 
having  at  the  lower  end  a  catch, 
e,  which  when  the  armature  is 
not  attracted  towards  the  mag- 
net is  pressed  by  a  spring,  /. 

d  a  wheel  having  a  tooth  in 
which  the  catch  e  is  engaged  by 
the  pressure  of  the  spring  f, 
when  the  armature  B  is  not  at- 
tracted towards  the  magnet,  but 
which  is  liberated  from  the  catch 
e,  when  the  armature  B  is  drawn 
towards  the  magnet. 

a  a  cylindrical  box  containing 
a  strong  mainspring,  by  which 
the  train  of  wheel-work  is  kept 
in  motion  so  long  as  the  catch  e 
is  not  engaged  in  the  tooth  of 
the  wheel  d. 

The  actual  contact  of  the  ar- 
mature B  with  the  poles  of  the 
electro-magnet  is  prevented  by 
two  small  ivory  knobs  screwed 
into  the  surface  which  is  presented  to  the  magnet.  The  play  of 
the  armature  B  is  so  limited  that  the  catch  e  shall  be  just  disen- 
gaged from  the  tooth  of  the  wheel  d  when  the  ivory  knobs  come 
into  contact  with  the  poles  of  the  magnet. 

When  the  wheel-work  is  liberated  by  the  magnet  withdrawing 
the  catch  e  from  the  wheel  d,  the  mainspring  in  the  cylindrical 
box  a  causes  the  toothed  wheel  attached  to  the  box  to  revolve. 
This  wheel  drives  a  pinion  on  the  axle  of  the  wheel  6  ;  the  wheel 
Z>  drives  a  pinion  on  the  axle  of  the  wheel  c ;  the  teeth  of  the 
wheel  c  are  engaged  with  those  of  a  pinion  on  the  wheel  d. 
The  movement  of  the  train  is  stopped  when  the  catch  e  falls 
under  the  tooth  of  the  wheel  d.  The  wheel  i,  which  is  engaged 
in  the  anchor  of  the  escapement  g,  is  fixed  upon  the  axle  of 
the  wheel  c,  turns  with  the  latter,  and  thus  gives  an  oscil- 
lating motion  to  the  anchor,  which  is  imparted  to  the  hammer  h 
of  the  bell  D.  The  bell  is  therefore  acted  upon  by  the  hammer 
so  long  as  the  magnet  A  keeps  the  catch  e  from  falling  under  the 
tooth  of  the  wheel  d. 

53.  Since  the  magnitude,  loudness,  or  pitch  of  the  bell  is 
independent  of  the  force  of  the  current,  the  telegraphic  offices 
are  provided  with  various  bells  for  special  purposes. 


32 


THE  ELECTRIC  TELEGRAPH. 


m 


Sometimes  a  special  wire  is  appropriated  to  the  bell  which  is 
acted  upon  by  a  special  current. 

In  other  cases  the  regular  current  intended  to  work  the  tele- 
graph is  diverted  to  the  bell  apparatus  by  the  commutator. 
In  other  cases, 
again,  the  object 
is  accomplished 
by  cutting  the 
bell  off  from 
circuit  on  com- 
mencing mes- 
sage transmis- 
sion. 

54.  Having  explained  the  form 
and  construction  of  electro-mag- 
nets, we  are  prepared  to  show  the 
manner  in  which  an  electric  current 
may  be  produced  by  the  mere  action 
of  magnets  without  any  interven- 
tion of  arVoltaic  battery. 

The  electricity  thus  produced  has 
been  called  MAGNETO-ELECTRICITY. 

55.  Let  a  silk  or  cotton  covered 
wire  be  coiled  heliacally  on  a  roller 
or  bobbin  having  a  hollow  core  of 
sufficient   magnitude    to    allow    a 
cylindrical  bar  to  be  passed  into  it. 
Let  the  covered  wire  be  coiled  con- 
stantly in  the  same  direction,  be- 
ginning   from  A  B   (fig.    12),   and 
terminating  at  CD.     Let  the  ex- 
tremities m  n  of  this  wire  be  joined 
to  those  of  a  wire  m  0  n  of  any 
required  length,  stretched  to  any 
required    distance.     Now   let   the 
north  pole  N  of  a  magnet  s  N  be 
suddenly  passed  into  the  core  of 
the    bobbin.    An  electric    current 
will  then  be   transmitted  on  the 
wire  mo  n,  the  presence  of  which 
may  be    rendered   manifest   by  a 
galvanometer.     This  current,  how- 
ever,  will  be  only  momentary,  being  manifested  only  at  the 
moment  the  pole  of  the  magnet  enters  the  core  of  the  bobbin. 
It  ceases  immediately  after  that  entrance. 
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Now  if  the  magnetic  bar  after  entering  be  as  suddenly  with- 
drawn, another  current  will  be  produced  upon  the  wire  m  0  n, 
which  will  also  be  only  momentary,  but  its  direction  on  the 
wire  will  be  contrary  to  that  produced  by  the  entrance  of  the 
magnetic  pole. 

Thus  if  upon  the  entrance  of  the  pole  N  a  current  is  produced, 
running  in  the  direction  mon,  the  withdrawal  of  the  pole  N 
will  produce  a  current  running  from  n  o  m. 

If  the  south  pole  s  be  passed  into  the  core  and  withdrawn, 
momentary  currents  will  in  like  manner  be  produced,  but  they 
will  have  contrary  directions. 

If  the  wire  m  o  terminated  at  o,  no  matter  what  may  be  the 
distance  of  o  from  m,  were  put  at  o  in  metallic  communication 
with  the  earth,  or  with  a  plate  or  other  mass  of  metal  buried 
in  the  earth,  and  if  the  extremity  n  of  the  wire  of  the  coil  were 
put  in  metallic  connection  with  the  earth  in  the  same  manner 
at  7i,  the  transmission  of  the  instantaneous  currents  would  take 
place  exactly  in  the  same  manner  as  above  described,  because 
in  that  case  the  earth  would  play  the  part  of  a  conductor 
between  the  end  of  the  wire  m  o  at  o,  and  the  end  of  the  coil 
wire  n. 

But  if  the  metallic  continuity  either  of  the  wire  mon,  in  case 
it  extended  from  m  to  n,  or  of  m  o  if  it  were  as  described  above 
in  connection  with  the  earth  at  0,  were  anywhere  broken,  no 
current  would  be  produced  by  the  entrance  or  withdrawal  of  the 
magnet.  It  is  therefore  essential  to  the  production  of  these 
phenomena  that  the  extremities  m  and  n  of  the  coil  wire  shall 
be  in  electric  communication  with  each  other,  by  being  united 
either  with  a  continuous  metallic  connection,  or  by  means  of 
the  earth  in  the  manner  already  described. 

The  property  in  virtue  of  which  soft 
iron  acquires  magnetic  properties,  when 
the  poles  of  a  permanent  magnet  are 
brought  into  proximity  with  it,  supplies 
a  very  convenient  method  of  exhibiting 
the  play  of  the  phenomena  of  momentary 
currents  above  described. 

56.  Let  SON  (fig.  13),  be  a  powerful 
permanent  horse-shoe  magnet,  having  its 
poles  s,  N,  presented  to  and  in  close 
proximity  with  a  similar  horse-shoe  a  & 
of  soft  iron,  wrapped  with  convolutions 
of  covered  wire  in  the  manner  already 

described.     Let  the  extremities  m  and  n  of  the  coil  be  supposed 
to  be  placed  in  connection  with  two  wires,  which  may  be 
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extended  to  any  distances,  and  whose  extremities  are  in  metallic 
communication  with  the  earth  in  the  manner  already  explained. 
When  the  poles  s  and  N  are  brought  into  proximity  with  the 
ends  a  and  b  of  the  horse-shoe  a  b,  the  latter  will,  by  the 
inductive  action  of  the  magnet  SON",  acquire  magnetic  polarity, 
the  end  a,  near  the  south  pole  s,  having  northern,  and  the  end 
&,  near  the  north  pole  N,  having  southern  polarity.  This  mag- 
netic polarity,  however,  of  a  &  will  only  continue  so  long  as  the 
poles  s  and  N  of  the  permanent  magnet  are  kept  near  to  a  and  b. 
If  they  be  removed,  that  instant  the  polarity  of  a  &  will  cease. 
If  the  poles  be  reversed,  N  being  presented  to  a,  and  s  to  6,  then 
a  will  acquire  south,  and  b  north  polarity. 

It  appears,  therefore,  that  by  presenting  the  poles  of  the 
magnet  N  0  s  to  the  horse-shoe,  the  same  effect  is  produced  as  if 
the  poles  of  a  magnet  were  suddenly  passed  into  the  axis  of  the 
coil,  and  by  withdrawing  the  poles  N"  and  s  from  a  and  &,  the 
same  effect  is  produced  on  the  coil  as  if  the  poles  of  the  magnet 
which  had  been  passed  along  the  axis  were  suddenly  with- 
drawn. 

57.  The  momentary  currents  in  the  one  direction  or  in  the 
other  will,  therefore,  be  produced  upon  the  wire  connected  with 
the  extremities  of  the  coil,  such  as  have  already  been  described, 
each  time  the  poles  N  and  s  are  presented  to  and  withdrawn 
from  the  ends,  a  and  b,  of  the  horse-shoe  of  soft  iron.  If  the 
magnet  N  0  s  were  mounted  so  as  to  revolve  upon  an  axis  passing 
through  the  centre  of  its  bend,  and  therefore  midway  between 
its  legs,  its  poles  might  be  made  to  pass  the  ends  of  the  horse- 
shoe, the  latter  being  stationary.  During  each  revolution  of 
the  magnet  N"  o  s  the  polarity  imparted  to  the  horse-shoe  would 
be  reversed. 

When  the  pole  N  approaches  b,  and  consequently  s  approaches 
a,  south  polarity  will  be  imparted  to  b,  and  north  polarity  to  a ; 
and  when  N  passes  a,  and  consequently  s  passes  6,  south  polarity 
will  be  imparted  to  a,  and  north  polarity  to  b. 

The  momentary  currents  produced  by  these  changes  of  mag- 
netism in  a  and  b  will  be  easily  understood  by  what  has  been 
explained.  When  N  approaches  6,  and  s  approaches  a,  the  com- 
mencement of  south  polarity  in  &,  and  north  polarity  in  a,  will 
both  impart  to  the  wire  a  current  in  the  same  direction,  because 
the  coils  of  the  spiral  as  presented  to  s  will  be  the  reverse  of 
those  presented  to  N.  When  N  departs  from  b,  and  s  from  a, 
the  cessation  of  south  polarity  in  b,  and  of  north  polarity  in  a, 
will  impart  currents  in  the  same  direction  to  the  wire,  but  this 
direction  will  be  opposite  to  that  of  the  former  currents. 
When  N  approaches  a,  and  consequently  s  approaches  b,  cur- 
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rents  will  be  imparted  to  tlie  wire  whose  direction  will  be  the 
same  as  that  of  those  produced  by  the  departure  of  N  from  6, 
and  of  s  from  a.  When  N  departs  from  a,  and  s  from  6,  cur- 
rents will  be  produced  in  the  same  direction  as  when  N  approaches 
1}  and  s  approaches  a. 

If  the  direction  of  the  currents  produced  when  N  approaches 
Z>,  and  s  approaches  a,  be  indicated  by  an  arrow  directed  to  the 
right,  and  that  of  those  produced  when  N  departs  from  b,  and 
s  from  a,  by  an  arrow  directed  to  the  left,  the  changes  of  direc- 
tion which  take  place  in  each  revolution  of  the  magnet  N  0  s, 
will  be  such  as  are  indicated  in  fig.  14,  where  &  and  a  represent 

Fig.  14. 
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the  ends  of  the  horse-shoe  &  a ;  N  the  position  of  the  pole  in 
approaching,  and  N'  in  departing  from  &,  and  N"  its  position  in 
approaching,  and  N/7/  in  departing  from  a.  The  arrows  directed 
to  the  right  express  the  direction  of  the  two  currents  which  are 
produced  upon  the  conducting  wire,  while  N  makes  the  half 
revolution  N'"  M'  N  ;  and  the  arrows  directed  to  the  left  express 
the  direction  of  the  two  currents  produced,  while  N  makes  the 
half  revolution  N'  M  N". 

Thus  it  appears  that  in  each  revolution  of  the  magnet  N  o  s, 
four  momentary  currents  are  produced  in  the  wire,  two  in  one 
direction  during  one  semi-revolution,  and  two  in  the  contrary 
direction  during  the  other  semi-revolution.  In  the  intervals 
between  these  momentary  currents  there  is  a  suspension  of 
voltaic  action. 

D  2 
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58.  The  electric  currents  may  be  instantaneously  suspended, 
re-established,  and  reversed  in  their  direction  by  means  of  a  re- 
versing wheel  or  commutator  to  change  the  connections.  By  such 
an  expedient  properly  adapted,  it  is  easy  to  understand  that  by 
suspending  the  currents  in  one  of  the  two  contrary  directions, 
while  the  other  is  allowed  to  pass,  an  intermitting  current  always 
running  in  the  same  direction  may  be  obtained.     Or  if  the  com- 
mutator be  so  adapted  that  while  the  momentary  currents  in  one 
direction  are  allowed  to  run  without  interruption,  those  in  the 
other  direction  shall  be  reversed,  we  shall  then  have  in  each  re- 
volution four  momentary  currents  flowing  in  a  common  direction. 
The  current  thus  produced  will  be  intermitting,  that  is,  it  will 
pass  upon  the  wire  by  a  succession  of  pulsations  or  intervals  of 
transmission  and  suspension,  but  since  in  each  revolution  of  the 
magnet  there  are  two  pulsations, — that  is,  two   intervals   of 
transmission  and  two  of  suspension, — and  since  the  rotation  of 
the  magnet  may  be  made  with  any  desired  rapidity,  it  follows 
that  the  pulsations  will  succeed  each  other  with  such  celerity, 
and  the  intervals  of  suspension  will  be  so  brief,  that  for  all  prac- 
tical purposes  the  current  will  be  continuous. 

59.  Such  are  the  principles  on  which  is  founded  the  construc- 
tion of  magneto -electric  machines,  one  form  of  which  is  repre- 
sented in  fig.  4  (p.  18).    The  purpose  of  this  apparatus  is  to  pro- 
duce by  magnetic  induction  an  intermitting  current  constantly  in 
the  same  direction,  and  to  contrive  means  by  which  the  intervals 
of  intermission  shall  succeed  each  other  so  rapidly  that  the  cur- 
rent shall  have  practically  all  the  effects  of  a  current  absolutely 
continuous. 

A  powerful  compound  horse-shoe  magnet,  A,  is  firmly  attached 
by  bolts  and  screws  upon  a  horizontal  bed,  beyond  the  edge  of 
which  its  poles  a  and  &  extend.  Under  these  is  fixed  an  electro- 
magnet x  Y,  with  its  legs  vertical,  and  mounted  so  as  to  revolve 
upon  a  vertical  axis.  The  covered  wire  is  coiled  in  great 
quantity  on  the  legs  x  Y,  the  direction  of  the  coils  being  reversed 
in  passing  from  one  leg  to  the  other. 

The  two  extremities  of  the  wire  proceeding  from  the  legs  x  and 
Y  are  pressed  by  springs  against  the  surfaces  of  two  rollers,  c 
and  d,  fixed  upon  the  axis  of  the  electro-magnet.  These  rollers 
themselves  are  in  metallic  connection  with  a  pair  of  handles, 
p  and  K",  to  which  the  current  evolved  in  the  wire  of  the  electro- 
magnet x  Y  will  thus  be  conducted. 

If  the  electro -magnet  x  Y  be  now  put  in  rotation  by  the 
handle  m,  the  handles  P  and  N  being  connected  by  any  con- 
tinuous conductor,  a  system  of  intermitting  and  alternately 
contrary  currents  will  be  produced  in  the  wire  and  in  the  con- 
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ductor  by  which  the  handles  P  and  N  are  connected.  But  if  the 
rollers  c  and  d  are  so  contrived  that  the  contact  of  the  ends  of 
the  wire  with  them  shall  be  only  maintained  during  a  semi- 
revolution  in  which  the  intermitting  currents  have  a  common 
direction,  or  so  that  the  direction  during  the  other  semi-revolu- 
tion shall  be  reversed,  then  the  current  transmitted  through  the 
conductor  connecting  the  handles  P  and  N  will  be  intermitting, 
but  not  contrary ;  and  by  increasing  the  velocity  of  rotation  of 
the  electro-magnet  x  Y,  the  intervals  of  intermission  may  be 
made  to  succeed  each  other  with  indefinite  celerity,  and  the 
current  will  thus  acquire  all  the  character  of  a  continuous 
current. 

The  forms  of  commutators  by  which  the  rollers  c  and  d  are 
made  to  break  the  contact,  and  re-establish  it  with  the  necessary 
regularity  and  certainty,  or  to  reverse  it  during  the  alternate 
semi-revolutions,  are  various. 

All  the  usual  effects  of  voltaic  currents  may  be  produced  with 
this  apparatus.  If  the  handles  P  and  N  be  held  in  the  hands, 
the  arms  and  body  become  the  conductor  through  which  the 
current  passes  from  P  to  N.  If  x  Y  be  made  to  revolve,  shocks 
are  felt,  which  become  insupportable  when  the  current  has  a 
certain  intensity. 

If  it  be  desired  to  give  local  shocks  to  certain  parts  of  the 
body,  the  hands  of  the  operator,  protected  by  non-conducting 
gloves,  direct  the  knobs  at  the  ends  of  the  handles  to  the  parts 
of  the  body  between  which  it  is  desired  to  produce  the  voltaic 
shock. 

For  telegraphic  purposes  it  will  be  sufficient  to  place  the  line 
wire  in  connection  with  one  of  the  handles  P  or  N,  while  the 
other  handle  is  in  connection  with  the  earth.  A  current  will 
then  be  transmitted  on  the  line  wire  which  will  be  intermitting, 
but  which  may  be  rendered  continuous  by  a  combination  of 
magneto- electric  machines. 

60.  It  remains,  in  fine,  to  show  how  the  chemical  properties 
of  the  electric  current  can  be  made  to  supply  the  means  of  trans- 
mitting signals  between  two  distant  stations. 

When  a  current  of  adequate  intensity  is  made  to  pass  through 
certain  chemical  compounds,  it  is  found  that  these  are  decom- 
posed, one  of  their  constituents  being  carried  away  in  the  direc- 
tion of  the  current,  and  the  other  in  the  contrary  direction. 

One  of  the  most  striking  examples  of  the  application  of  this 
principle  is  presented  in  the  case  of  water,  which,  as  is  well 
known,  is  a  compound  of  the  gases  called  oxygen  and  hydrogen. 

Let  us  suppose  that  a  series  of  cups,  o  h  (fig.  15),  containing 
water,  are  placed  so  that  an  electric  current  shall  pass  sue- 
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cessively  through  them,  commencing  at  the  wire  P,  and  passing 
at  o  into  the  first  cup  ;  thence  through  the  water  to  h,  and  from 

Fig.  15. 


li  along  the  wire  I  to  o  in  the  second  cup  ;  thence  in  like  manner 
through  the  water  to  h,  and  then  along  the  wire  i',  and  so  on  to 
N,  the  wire  P  being  supposed  to  be  connected  with  the  positive 
pole  of  a  battery,  and  the  wire  N  with  its  negative  pole.  The 
current  will  therefore  flow  from  P  to  N,  passing  through  the 
water  in  each  of  the  cups.  Under  such  circumstances  the  water 
will  be  gradually  decomposed  in  each  of  the  cups,  the  particles 
of  oxygen  moving  against  the  course  of  the  current,  and  those 
of  hydrogen  moving  with  it,  the  former  are  evolved  at  the  points 
o,  and  the  latter  at  the  points  li. 

To  show  how  this  property  of  the  current  may  be  made  to 
produce  visible  marks  or  signs,  let  us  suppose  a  sheet  of  paper, 
wetted  with  an  acidulated  solution  of  ferro-prussiate  of  potash, 
to  be  laid  upon  a  plate  of  metal,  and  let  the  point  of  a  metallic 
style  be  applied  to  it,  so  as  to  press  it  gently  against  the  metallic 
plate  without  piercing  it.  Let  the  style  be  now  put  in  metallic 
connection  with,  the  wire  which  leads  to  the  positive  pole  of  a 
voltaic  battery,  and  let  the  metallic  plate  upon  which  the  paper 
is  laid  be  put  in  connection  with  the  wire  which  leads  to  the 
negative  pole.  The  current  will,  therefore,  flow  from  the  style 
through  the  moistened  paper  to  the  metallic  plate,  and  it  will 
decompose  the  prussiate,  one  of  the  constituents  of  which,  de- 
posited on  the  paper,  will  mark  it  with  a  bluish  spot. 

If  the  paper  be  moved  under  the  style  while  the  current  flows, 
this  decomposition  being  continued  under  the  point  of  the  style, 
a  bluish  line  will  be  traced  upon  the  paper. 

If  while  the  paper  is  thus  moved  uniformly  under  the  style, 
the  current  is  permitted  to  flow  only  during  intervals  long  or 
short,  the  paper  will  be  marked  by  lines  long  or  short,  according 
to  the  intervals  during  which  the  current  flows ;  and,  since  no 
decomposition  takes  place  during  the  suspension  of  the  current, 
the  paper  then  passes  under  the  style  without  receiving  any 
mark.  If  the  current  be  permitted  to  flow  only  for  an  instant, 
the  paper  will  be  marked  by  a  dot.  The  long  or  short  lines  and 
dots,  thus  traced  upon  the  paper,  will  be  separated  one  from 
another  by  spaces  more  or  less  wide  according  to  the  lengths  of 
the  intervals  of  suspension  of  the  current. 
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Fig.  16.— Cooke  and  Wlieatstone's  five-needle  Telegraph,  1837. 


CHAPTER  III. 

HISTORY   OF  THE  TELEGRAPH. 

61.  Early  Telegraphing  by  preconcerted  signals. — 62.  Semaphore  tele- 
graphs.— 63.  Experiments  with  frictional  or  machine  electricity. — 64. 
Telegraphs  worked  by  frictional  electricity — This  class  of  electricity  too 
volatile. — 65.  Applications  of  voltaic  or  chemical  electricity  in  early 
telegraphs — Scemmering,  Schilling,  &c. — 66.  Gauss  and  Weber's  tele- 
graph.—67.  W.  F.  Cooke's  first  telegraph.— 68.  Cooke  and  Wheat- 
stone's  five-needle  telegraph. 

61.  HAVING  thus  described  the  theory  of  electricity,  we  will 
now  proceed  to  treat  of  its  application  to  telegraphic  purposes. 

The  conveyance  of  intelligence  by  means  of  preconcerted 
signals  has  been  practised  with  more  or  less  success  from  the 
most  ancient  times.  The  use  of  beacons  by  night,  and  columns 
of  smoke  by  day,  as  a  mode  of  communicating  events,  is  referred 
to  in  the  sacred  writings ;  and  we  have  had  a  comparatively 
recent  instance  of  the  continued  existence  of  a  rude  method  of 
passing  a  signal  from  hand  to  hand,  in  the  circulation  of  the 
cakes  employed  by  the  natives  of  India  in  arranging  the  out- 
break of  1857. 

62.  These  signals  were  gradually  improved  and  supplemented 
by  mechanical  contrivances  until  shortly  before  the  French 
revolution.     Claude  Chappe,  a  young  student  in  the  College  at 
Angers,  contrived  a  telegraph  by  means  of  which  he  could  con- 
fer with  his  two  brothers,  who  were  placed  at  a  school  about  a 
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mile  and  a-half  distant  from  the  town.  The  apparatus  consisted 
of  a  wooden  beam  rotating  upon  a  centre,  bearing  at  its  extre- 
mities two  arms  capable  of  being  moved  around  their  axes  to 
any  required  angle. 

This  simple  machine  was  capable  of  producing  192  separate 
signals,  and  was  afterwards  adopted  by  the  French  Government, 
stations  being  established  throughout  the  country.  Lines  of 
semaphore  telegraph  were  soon  after  erected  in  England  on  a 
somewhat  similar  plan,  and  a  comparatively  high  rate  of  speed 
was  attained  by  them.  The  frequent  liability  to  interruption 
from  misty  weather  was  however,  especially  in  this  climate,  a 
great  defect,  and  was  not  uncommonly  the  cause  of  much 
confusion. 

Thus,  on  an  occasion  when,  during  the  Peninsular  war,  the 
admiral  at  Plymouth  had  an  important  message  to  transmit  to 
Whitehall,  he  was  only  able  to  forward  part  of  it  at  first,  a  thick 
fog  gathering  over  a  portion  of  the  line  of  stations,  and  inter- 
rupting the  communication.  Great  distress  and  anxiety  re- 
sulted in  London,  for  the  first  part  of  the  message  transmitted 
was  "  Wellington  defeated ;"  the  remainder  of  the  message  which 
came  next  day,  "the  French  at  Salamanca,"  changed  the 
metropolitan  sorrow  into  gladness. 

It  would  be  foreign  to  the  object  of  the  present  work  to  enter 
at  any  length  into  the  various  ingenious  mechanical  contriv- 
ances for  communicating  visual  signals  by  day  and  night. 

63.  Our  readers  are  probably  aware  that  it  was  not  until  the 
middle  of  last  century  that  the  discovery  of  the  power  of  gene- 
rating and  collecting  electricity  derived  from  the  friction  of  glass 
and  other  substances,  drew  the  attention  of  men  of  science  to 
the  study  of  phenomena,  which  had  been  observed  to  a  trifling 
extent  by  the  philosophers  of  ancient  times.     It  was  not  long 
before  it  was  ascertained  that  the  effect  could  be  communi- 
cated along  insulated  conducting  substances  to  a  considerable 
distance. 

At  the  Carthusian  Convent,  in  Paris,  the  whole  community 
stood  in  a  line  holding  pieces  of  iron  wire  to  a  length  of  some 
2000  yards,  and  on  discharging  an  electrical  jar  at  the  end  of 
the  line  the  whole  company  gave  a  sudden  spring  at  the  same 
instant,  all  feeling  the  shock  together. 

In  England  also  Sir  William  Watson,  a  distinguished  man  of 
science,  carried  out  experiments  on  a  much  larger  scale,  and  by 
means  of  a  wire  erected  at  Shooter's  Hill  for  a  length  of 
12,000  feet,  showed  that  the  transmission  of  electricity  was  to  all 
perception  instantaneous. 

64.  It  might  be  supposed  that  this  having  been  established, 
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and  semaphore  apparatus  being  in  existence  by  which  signals 
were  daily  conveyed  from  place  to  place,  that  some  instrument 
would  veiy  soon  have  been  constructed  by  which  electricity 
could  be  applied  to  communicating  intelligence.  This  was  in 
fact  tried  in  various  ways  by  Lesage,  Lomond,  Eonalds,  and 
others,  several  lines  of  more  or  less  length  being  constructed  in 
different  countries.  The  difficulty,  however,  of  sufficiently 
insulating  the  wires  to  retain  electricity  of  high  tension  and 
small  quantity  was  so  great,  that  in  no  instance  was  a  success 
attained  which  bore  any  practical  fruit. 

The  general  theory  of  electro-magnetic  phenomena,  so  far  as 
they  bear  upon  telegraphy,  has  been  described  in  the  previous 
chapters.  It  is,  however,  worthy  of  remark  that  efforts  were 
made  for  many  years  to  apply  the  volatile  species  of  electricity 
derived  from  friction  to  the  production  of  signals,  before  the 
great  discoveries  of  Galvani,  Volta,  Oersted,  and  Ampere  had 
furnished  us  with  an  agent  sufficiently  tractable  for  practical 
application. 

65.  During  the  early  part  of  the  present  century  the  inves- 
tigation of  the  attributes  and  phenomena  of  voltaic  electricity  (or 
that  derived  from  the  chemical  decomposition  of  water  already 
described)  and  its  connection  with  magnetic  action,  gave  rise  to 
various  suggestions  and  experiments  by  Scemmering,  Schilling, 
Fechner,  Ritchie,  Steinheil,  Gauss  and  Weber,  and  others,  for 
the  adaptation  of  this  new  power  to  signalling  purposes. 

66.  The  apparatus  constructed  by    the  last-named  experi- 
mentalists upwards  of  thirty  years  ago  deserves  more  than  a 
passing  notice,  both  from  the  remarkable  ingenuity  shown  in 
multiplying  the  effect  of  the  signal  by  the  angle  of  reflection ; 
and  from   the  circumstance    that   it   corresponds  entirely   in 
principle,  and  very  nearly  in  detail,  with  the  apparatus  actually 
used  for  receiving  signals  through  the  Atlantic  Cables  by  a  re- 
flecting galvanometer  needle. 

Gauss  and  Weber's  telegraph  consisted  of  a  magnetic  needle 
moved  by  currents  developed  by  induction  from  a  permanent 
magnet,  the  signals  being  shown  by  means  of  a  small  mirror 
attached  to  the  needle,  in  order  to  increase  the  effect  of  its  move- 
ments to  the  operator,  who  read  the  deflections  by  aid  of  a 
magnifier  at  a  short  distance. 

This  apparatus  is  shown  in  fig.  17. 

a,  is  a  small  mirror  with  a  counter-balance  attached  to  the  axle 
of  a  magnet  suspended  by  a  thread  and  actuated  by  a  coil  6,  b. 
The  scale  c,  shown  separately  in  front  view  at  c',  was  fixed  to 
the  stand  of  the  observing  telescope  /,  so  that  it  was  reflected 
back  to  the  eye  of  the  observer.  By  this  means  a  very  small 
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movement  of  the  magnet  could  be  read  off.  This  telegraph  was 
actually  put  in  operation  between  the  Cabinet  of  Natural  Philo- 
sophy and  the  Observatory  at  Gottingen,  about  a  mile  and  a- 
half  apart,  by  means  of  a  copper  wire  suspended  in  the  air. 


Fig.  IT.— Gauss  and  Weber's  Telegraph. 

• 

67.  It  became  a  common  experiment  at  the  lecture  hall  table, 
at  classes  and  philosophical  meetings,  to  exhibit  apparatus  in 
which  magnetic  needles  were  deflected  at  a  short  distance  from 
the  exciting  power.  It  happened  that  early  in  1836  Mr.  W.  P. 
Cooke,  who  had  previously  held  a  commission  in  the  Indian 
army,  happened  to  see  one  of  these  experiments  exhibited  at 
Heidelberg.  His  mind  was  deeply  impressed  with  the  subject, 
for  he  saw  at  once  that  something  more  was  to  be  done  with 
this  subtle  power,  than  merely  demonstrating  that  a  magnetised 
needle  could  be  deflected  in  one  room  by  a  battery  in  another  ; 
and  from,  that  day  he  devoted  himself  to  the  practical  realization 
of  the  electric  telegraph. 

So  rapidly  did  execution  follow  thought  'that  within  three 
weeks  he  had  constructed  a  reciprocal  telegraph,  by  which  letters 
could  be  interchanged  between  two  distant  stations,  by  the 
movement  of  three  manipulating  keys,  with  corresponding 
magnetic  indices. 

This  apparatus  is  shown  in  fig.  18.   Six  wires  were  used. 

This  instrument  possessed  the  important  feature  of  recipro- 
cality  for  receiving  and  indicating  the  signals ;  and  for  trans- 
mitting the  currents  from  either  end.  The  signals  were  shown 
by  the  turning  of  discs  attached  to  the  axles  of  three  magnetic 
needles,  when  one  or  other  of  the  needles  was  deflected  Jby  a 
current. 

The  indicating  apparatus  at  the  two  termini  being  part  of  the 
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circuit,  whether  the  current  was  transmitted  from  one  end  or 
the  other,  every  signal  was  exhibited  at  both  places  simultane- 
ously, and  the  sender  could  perceive  and  correct  any  error  of 
his  manipulation,  while  the  recipient  ^of  the  message  could  im- 
mediately check  him  should  any  signal  be  misunderstood.  Mr. 
Cooke  shortly  after  devised  a  simple  means  of  attracting  the 
attention  of  a  distant  station  by  sounding  an  alarum,  which  has 
continued  in  general  use  ever  since  without  material  change  in 
form  or  principle.  It  consisted  of  a  train  of  wheels  driven  by  a 


Fig.  18.— Cooke's  First  Telegraph,  183B. 

spring,  and  restrained  by  a  detent,  to  which  was  fixed  a  piece  of 
iron  opposite  the  poles  of  an  electro-magnet.     On  the  current 


Fig.  19. — Cooke's  Alarum. 

passing  the  clock-work  mechanism  was  released,  bringing  a 
hammer  into  contact  with  a  bell. 
This  alarum  is  shown  at  fig.  19. 
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68.  After  constructing  various  instruments  (some  of  which  in 
January,  1837,  were  brought  before  the  Manchester  and  Liver- 
pool Railway,  with  the  object  of  applying  them  for  signalling 
through  the  tunnel  at  Edge  Hill),  Mr.  Cooke  became  acquainted 
with  Professor  Wheatstone,  who  had  been  engaged  for  some 
time  upon  a  series  of  experiments  regarding  the  velocity  of 
electricity,  and  had  also  devoted  some  attention  to  the  subject 
of  telegraphing;  their  discussions  resulted  in  a  combination  of 
plans,  and  in  the  summer  of  the  same  year  they  obtained  a 
patent  for  their  united  inventions,  the  principal  features  of  which 
are  shown  at  fig.  16  (p.  39) ;  one  part  of  which  represents  the 
sending  apparatus,  and  the  other  the  receiving  dial  with  five 
needles. 

The  alphabet  was  indicated  by  the  concurrent  pointing  of  any 
two  of  the  needles,  the  small  circles  shown  in  the  figure  being 
inscribed  with  the  various  letters. 

The  commutator  or  key-board  for  changing  the  currents 
consisted  simply  of  five  springs  united  together  by  a  metallic 
bridge ;  finger  studs  being  so  placed  that  one  battery  pole  or 
the  other  could  be  readily  connected  to  each  of  the  five  conduct- 
ing wires. 

Although  this  apparatus  was  the  parent  of  the  simpler  needle 
instruments,  which  are  still  largely  used  for  railway  and  other 
purposes,  it  possesses  only  an  historical  interest ;  and  together 
with  various  other  early  meritorious  inventions  of  Messrs. 
Cooke  and  Wheatstone  need  not  be  further  described. 

Before  passing  on  to  the  telegraphs  actually  in  use,  it  should  be 
mentioned  that  Professor  Morse  of  America,  (whose  system  was 
put  into  practical  shape  at  a  later  period,)  has  shown  that  the 
germ  of  the  recording  apparatus  which  has  since  been  so  gene- 
rally adopted,  was  the  subject  of  some  experiments  by  him  in 
America,  at  a  time  slightly  anterior  to  the  telegraph  of  Messrs. 
Cooke  and  Wheatstone. 

In  Bavaria,  Professor  Steinheil  was  also  contemporaneously 
engaged  in  demonstrating  the  practicability  of  another  form  of 
electric  telegraph. 

We  have  now  arrived  at  a  period  from  which  the  existence  of 
this  means  of  communication  may  be  properly  said  to  date ;  but 
the  appliances  hereafter  to  be  described  are  more  or  less  the  off- 
spring of  these  early  labours. 


Fig.  20.— Wollaston's  Battery. 


CHAPTER  IV. 

THE  PRODUCTION  OF  ELECTRICITY  BY  CHEMICAL  DECOM- 
POSITION AND  VARIOUS  FORMS  OF  VOLTAIC  BATTERIES 
ORDINARILY  USED. 

69.  Common  plate  battery. — 70.  Combination  of  currents. — 71.  Loss  of 
power  by  imperfect  conduction. — 72.  Cylindrical  batteries. — 73. 
Pairs  of  battery  plates,  or  cells,  and  poles  defined. — 74.  Origin  of 
term  voltaic  pile.  —  75.  Use  of  sand  in  charging  batteries. — 76.  To 
vary  intensity  of  current. — 77.  Description  of  batteries. — Wollaston's, 
Hare's,  Daniel's,  Grove's,  Smee's,  Bunsen's,  Marie  Davy's. 


Fig.  21. 


69.  ONE  of  the  most  simple  forms  of  voltaic  battery  is  that 
represented  in  fig.  21,  which  consists  of  a  glazed  earthen- 
ware trough,  divided  by 
partitions  into  a  series  of 
parallel  cells,  and  a  series  of 
zinc  and  copper  plates,  A'  B', 
of  shape  and  magnitude  cor- 
responding with  the  cells, 
attached  to  a  wooden  rod, 
each  copper  plate  being 

connected  at  the  top,  under  A  //  S  \S\SW  \//\//\//\//  \  B 
the  wood,  by  a  band  of 
metal,  with  the  zinc  plate 
which  immediately  succeeds 
it  in  the  series.  For  brevity,  let  us  designate  the  first  copper 
plate,  c,,  the  second,  C2,  the  third,  C3,  and  so  on,  proceeding 
from  A'  towards  B',  and  let  the  first  zinc  plate,  which  is  con- 
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nected  with  Cj  by  a  metal  band,  be  called  Z2,  the  next,  which  is 
similarly  connected  with  C2,  be  called  Z3,  and  so  on  from  A' 
towards  B'.  Now,  the  intervals  between  the  plates  being  so 
arranged  as  to  correspond  with  the  width  of  the  cells,  the  series 
of  plates  may  be  let  down  into  the  cells  so  that  a  partition  shall 
separate  every  pair  of  plates  which  are  connected  by  a  metal 
band.  Thus,  the  first  partition  will  pass  between  ci  and  Z2,  the 
second  between  cs  and  Z3,  the  third  between  C3  and  Z4,  and  so 
on.  It  appears,  therefore,  that  the  first  cell  proceeding  from  A 
towards  B  will  contain  only  the  copper  plate  c, ,  the  second  will 
contain  C3  and  Z2,  the  third,  C3  and  Z3,  and  so  on,  the  last  cell 
at  the  extremity  B  of  the  series  containing  only  the  last  zinc 
plate,  which  we  shall  call  zn. 

Now,  it  is  evident  that  as  the  arrangement  thus  stands,  the 
first  and  last  cells  of  the  series  would  differ  from  the  inter- 
mediate ones,  inasmuch  as,  while  each  of  the  latter  contains  a 
pair  of  plates,  each  of  the  former  contains  only  a  single  plate, 
the  first  copper  c,  and  the  last  zinc  zn.  To  complete  the  arrange- 
ment, therefore,  it  will  be  necessary  to  place  a  zinc  plate,  which 
•we  shall  call  z,,  in  the  first  cell  to  the  left  of  clt  and  so  as  not 
to  be  in  contact  with  it,  and  in  like  manner  a  copper  plate, 
which  we  shall  call  c»,  in  the  last  cell  B  to  the  right  of  zn,  and 
so  as  not  to  be  in  contact  with  it.  Let  wires  be  soldered  to  the 
upper  edges  of  these  terminal  plates  zi  and  cn,  and  let  them  be 
carried  to  any  desired  distances,  but  finally  connected  with 
plates,  or  any  other  masses  of  metal,  buried  in  the  ground  at  n' 
and/,  fig.  22. 

These  dispositions  being  made,  let  us  suppose  the  cells  to  be 
filled  with  a  weak  acid  solution,  such  as  has  been  already  de- 
scribed, but  so  that  the  liquid  in  one  cell  may  not  overflow  into 
the  next.  A  current  of  electricity  will  now  be  established  along 
the  wire  passing  as  indicated  by  the  arrows,  from  the  last 


copper  plate  at  P,  to  the  earth  at  p',  while  a  current  will  pass 
from  the  earth  at  n'  to  the  first  zinc  plate  zl ,  at  N. 
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This  current  is  produced  by  the  combined  voltaic  action  of  all 
the  pairs  of  plates  contained  in  the  cells  of  the  trough. 

70.  The  current  produced  by  the  combination  z,  c,,  in  the 
first  cell,  will  flow  from  the  plate  ct  by  the  band  of  metal  to  the 
plate  Z2,  in  the  second  cell.     It  will  follow  this  course  because 
of  the  conducting  power  of  the  metals,  and  the  insulating  power 
of  the  wood  and  earthenware,  which  prevents  its  escape.     From 
the  plate  Z2  it  will  pass  through  the  acidulated  water  to  the 
plate  C2,  for  although  this  water  has  not  a  conducting  power 
equal  to  that  of  metal,  it  has  nevertheless  sufficient  to  continue 
the  current  to  C2.     Prom  c,  it  will  pass  by  the  band  of  metal 
to  Z3  and  from  that  through  the  liquid  in  the  third  cell  to  C3, 
and  from  that  by  the  metal  to  Z3,  and  so  on  until  it  arrives  at 
the  last  plate  cn  of  the  series,  from  which  it  will  pass,  by  the 
conducting  wire,  from  P  to  p'. 

It  is  evident,  therefore,  that  the  current  produced  by  the 
voltaic  combination  in  the  first  cell  must  pass  successively 
through  the  plates  and  liquid  in  all  the  cells  before  it  can  arrive 
at  P. 

In  the  same  manner  it  may  be  shown  that  the  current  pro- 
duced in  the  second  cell  containing  Z2  and  C3,  must  pass  through 
all  the  succeeding  cells  before  it  can  reach  p,  and  so  of  all  the 
others. 

71.  Now,  if  the  metals  and  liquid  were  perfect  conductors, 
each  of  these  currents  would  arrive  at  P  with  undiminished  force, 
and  then  the  current  upon  the  wire  P  pr  would  be  as  many  times 
more  intense  than  a  current  produced  by  a  single  voltaic  com- 
bination as  there  are  cells.     But  this  is  not  so.     The  metals 
copper  and  zinc,  though  good  conductors,  are  not  perfect  ones, 
and  the  acidulated  water  is  a  very  imperfect  one.     The  conse- 
quence is,  that  the  currents  severally  produced  in  each  of  the 
cells,  suffer  a  considerable  loss  of  force  before  they  arrive  at  the 
conducting  wire  P  p' ;    and  mathematical  formulae,  based  on 
theoretical  principles  and  practical  data,  have  been  contrived  to 
express  in  each  case  the  effects  of  this  diminution  of  force  due 
to  the  imperfect  conducting  power,  or  the  resistance,  as  it  has 
been  called,  of  the  elements  of  the  battery. 

Without  going  into  the  reasoning  upon  which  these  investiga- 
tions are  founded,  it  will  be  sufficient  for  our  present  object  to 
state,  that  in  all  cases,  a  current  of  greater  or  less  force  is  trans- 
mitted to  the  terminal  plate  of  the  series  from  each  of  the  cells, 
no  matter  how  numerous  they  may  be,  and  in  some  cases  bat- 
teries have  been  constructed  and  brought  into  operation,  in 
scientific  researches,  which  consisted  of  as  many  as  two  thousand 
pairs  of  plates. 
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72.  To  simplify  the  explanation,  as  well  as  because  the  form 
described  is  very  generally  used  for  telegraphic  purposes,  we  have- 
here  selected  the  plate  battery  to  illustrate  the  general  principle 
upon  which  all  voltaic  combinations  are  founded.     In  fig.  23  is- 

represented  the  dispo- 
sition of  the  cylinders 
in  a  battery  formed  on 
the  principles  of  Daniel 
or  Grove,  where  the 

-  .^  ,    metallic  connection  of 

III         y\         kl         !/J        \A      I  yr       each  copper  or  charcoal 

I    /• — • y  _[/          element  of  one    pair, 

with  the  zinc  element 

of  the  succeeding  pair,  is  represented  by  a  rectangular  metallic 
bar  or  wire. 

73.  Each  combination  of  two  metals,  or  of  one  metal  and 
charcoal,  which  enters  into  the  composition  of  a  battery,  is 
usually  called  a  PAIR,  or  an  ELEMENT,  and,  in  practical  tele- 
graphy, a  cell.     Thus,  a  battery  is  said  to  consist  of  so  many 
PAIRS,  or  ELEMENTS,  or  cells. 

The  end  of  the  battery  from  which  the  current  issues  is  called 
its  POSITIVE  POLE,  and  that  to  which  it  returns  is  called  its 
NEGATIVE  POLE.  Thus,  in  the  batteries  explained  above,  p  is 
the  positive,  and  N  the  negative  pole. 

Since  in  the  most  usual  elements,  zinc  and  copper,  the  current 
issues  from  the  last  copper  plate,  and  returns  to  the  first  zinc 
plate,  the  positive  pole  is  sometimes  called  the  COPPER  POLE, 
and  the  negative  the  ZINC  POLE. 

74.  The  voltaic  battery  is  sometimes  called  the  VOLTAIC  PILE. 
This  term  had  its  origin  from  the  forms  given  to  the  first  voltaic 
combination  by  its  illustrious  inventor. 

The  first  pile  constructed  by  Yolta  was  formed  as  follows : — A 
disc  of  zinc  was  laid  upon  a  plate  of  glass.  Upon  it  was  laid  an 
equal  disc  of  cloth  or  pasteboard,  soaked  in  acidulated  water. 
Upon  this  was  laid  an  equal  disc  of  copper.  Upon  the  copper 
were  laid,  in  the  same  order,  three  discs  of  zinc,'  wet  cloth,  and 
copper,  and  the  same  superposition  of  the  same  combinations  of 
zinc,  cloth,  and  copper,  was  continued  until  the  pile  was  com- 
pleted. The  highest  disc  (of  copper)  was  then  the  positive,  and 
the  lowest  disc  (of  zinc)  the  negative  pole,  according  to  the 
principles  already  explained. 

It  was  usual  to  keep  the  discs  in  their  places  by  confining 
them  between  rods  of  glass. 

Such  a  pile,  with  conducting  wires  connected  with  its  poles 
is  represented  in  fig.  24. 
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75.  As  the  batteries  used  on  telegraphic  lines  are  liable  to 
frequent  removal  from  place  to  place  while  charged  with  the 
acidulated  water,  or  other  exciting  liquid,  it 

has  been  found  desirable  to  contrive  means 
to  prevent  such  liquid  from  being  spilled,  or 
thrown  from  cell  to  cell.  This  has  been  per- 
fectly accomplished  by  the  simple  expedient 
of  filling  the  cells  with  silicious  sand,  which 
is  kept  saturated  with  the  exciting  liquid  so 
long  as  the  battery  is  in  operation. 

76.  It  is  often  necessary,  in  telegraphic 
operations,  to  vary  the  intensity  of  the  current. 
This  is  accomplished,  within  certain  limits, 
without  changing  the  battery,  in  the  following 
manner : — 

If  it  be  desired  to  give  the  full  force  of 
the  battery  to  the  current,  the  wires  are 
attached  to  the  terminal  plates,  so  that  the 
entire  battery  is  between  them.  But  if  any 
less  intensity  is  desired,  the  wires,  or  one  of 
them,  is  attached  to  intermediate  plates,  so 
that  they  shall  include  between  them  a  part 
only  of  the  battery.  The  part  included 
between  them  is  alone  active  in  producing 
the  current,  all  the  elements  which  are  out- 
side the  wires  being  passive.  The  battery, 
in  effect,  is  converted  into  one  of  fewer 
elements. 

Provisions  are  made,  which  will  be  explained  hereafter,  by 
which  the  operator  can,  by  a  touch  of  the  hand,  thus  vary  the 
force  of  the  battery. 

77.  A  very  simple  and  inexpensive  form  of  battery,  suggested 
by  the  late  Dr.  Wollaston,  is  generally  used  in  England,  par- 
ticularly in  connection  with  the  Eailway  telegraphs.  It  con- 
sists of  plates  of  zinc  and  copper  joined  together  by  a  band  of 
copper,  placed  in  a  long  wooden  trough  divided  into  cells  by 
transverse  partitions.  The  cells  are  usually  filled  with  sand, 
moistened  with  water  mixed  with  sulphuric  acid  in  the  propor- 
tion of  about  one  part  of  strong  acid  to  fifteen  of  water.  A 
more  intense  current  could  be  produced  by  using  a  stronger 
solution,  but  it  is  found  preferable  to  augment  its  intensity  by 
increasing  the  number  of  plates  in  the  battery.  The  dimensions 
of  the  plates  are  generally  four  to  five  inches  wide,  and  three  to 
four  inches  deep.  The  thickness  of  the  zinc  plates  is  something 
less  than  a  quarter  of  an  inch.  The  cells  are  filled  with  sand  to 
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within  an  inch  of  the  top,  and  the  parts  of  the  plates  above  the 
sand  are  varnished  as  a  protection  against  corrosion,  and  to  keep 
them  clean.  In  general,  the  troughs  are  made  either  of  glazed 
gutta  percha  or  some  compact  wood,  such  as  oak,  or  teak,  made 
water-tight  by  cement  or  marine  glue.  When  the  trough  is 
wood  the  partitions  of  the  cells  are  slate,  the  width  of  each  cell 
being  one  inch  and  a  quarter  to  one  inch  and  a  half.  The 
troughs  contain,  some  twenty-four,  and  some  twelve  cells. 

Glass  troughs,  with  alternate  porous  divisions  of  earthenware, 
are  found  to  answer  very  well  with  Daniel's  form  of  battery, 
being  both  durable,  and  constant  in  action. 

A  very  ingenious  voltaic  combination  has  been  invented  by 
Marie  Davy,  in  which  moistened  bisulphide  of  mercury  is  used 

as  a  medium,  zinc  and 
graphite  plates  being  em- 
ployed. The  mercury  in 
the  salt  is  gradually  eli- 
minated by  electric  action, 
keeping  by  electrolytic 
deposit  the  surface  of  the 
zinc  plate  amalgamated, 
and  finally  leaving  a  de- 
posit of  mercury  in  the 
cell.  This  battery  is 
expensive  at  first,  but  the 
mercury  deposited  ulti- 
mately reduces  the  cost, 
and  the  wear  of  the  zinc 
plates  is  very  small.  It 
has  been  introduced  on 
some  of  the  French  and 
English  lines.  The  gra- 
phite plates  are  cut  from 
the  refuse  of  gas  retorts, 
and  covered  with  a  coat- 
ing of  powdered  platinum 
by  electro -chemical  de- 
position. ^  A  sketch  of  this  battery  is  shown  in  fig.  25. 

Batteries  of  this  sort,  consisting  of  twenty-four  cells,  give  a 
current  of  sufficient  force  for  an  overground  line  of  wire  of  50 
miles.  For  100  miles,  48  ceUs,  and  for  200  miles,  three  troughs 
of  24  cells  are  required.  These  batteries  may  frequently  give 
superfluous  force,  but  it  is  necessary  to  provide  against  the  con- 
tingency of  leakage  by  accidental  defects  of  insulation. 
The  durability  of  these  batteries  is  increased  by  amalga- 


Fig.  25.— Marie  Davy  Battery. 

a  Graphite  platinized. 

6  6  Bisulphide  of  mercury. 

c  Circular  zinc  plate. 

d  Porous  cell. 
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mating  the  zinc  plates.  This  is  effected  by  first  washing  them 
in  acidulated  water,  and  then  immersing  them  in  a  bath  of 
mercury  for  one  or  two  minutes.  The  mercury  will  combine 
with  the  zinc  and  form  a  superficial  coating  of  the  amalgam  of 
zinc.  When  they  are  worn  by  use,  they  may  be  restored,  by 
scouring  them,  and  submitting  them  to  the  same  process,  and 
this  may  be  continued  until  the  zinc  become  too  thin  to  hold 
together. 

New  batteries,  when  carefully  put  together,  will,  with  care, 
do  duty  for  six  or  eight  months,  when  the  work  is  not  heavy ; 
but  on  a  busy  line  they  become  exhausted  in  three  or  four 
months. 

The  late  Dr.  Wollaston  proposed  an  arrangement,  in  which 
the  copper  plate  was  bent  into  two  parallel  plates,  a  space  be- 
tween them  being  left  for  the  insertion  of  the  zinc  plate,  the 
contact  of  the  plates  being  prevented  by  the  interposition  of 
bits  of  cork  or  other  non-conductor.  The  system  thus  combined 
was  immersed  in  dilute  acid,  contained  in  a  porcelain  vessel. 

Dr.  Hare  of  Philadelphia  contrived  a  voltaic  arrangement, 
consisting  of  two  metallic  plates,  one  of  zinc  and  the  other  of 
copper,  of  equal  length,  rolled  together  in  the  form  of  a  spiral, 
a  space  of  a  quarter  of  an  inch  being  left  between  them.  They 
are  maintained  parallel  without  touching,  by  means  of  a  wooden 
cross  at  top  and  bottom,  in  which  notches  are  provided  at  proper 
distances,  into  which  the  plates  are  inserted,  the  two  crosses 
having  a  common  axis.  This  combination  is  let  into  a  glass  or 
porcelain  cylindrical  vessel  of  corresponding  magnitude,  con- 
taining the  exciting  liquid. 

This  arrangement  has  the  great  advantage  of  providing  a 
very  considerable  electro-motive  surface  with  a  very  small 
volume. 

The  exciting  liquid  recommended  for  these  batteries  when 
great  power  is  desired,  is  a  solution  in  water  of  2|  per  cent,  of 
sulphuric,  and  2  per  cent,  of  nitric  acid.  A  less  intense  but 
more  durable  action  may  be  obtained  by  a  solution  of  common 
salt,  or  of  3  to  5  per  cent,  of  sulphuric  acid  only. 

It  is  not  essential  that  the  water  in  which  the  metals  are 
immersed  be  acidulated,  as  we  have  supposed,  by  sulphuric  acid. 
Any  acid  which  will  promote  the  oxydation  of  the  zinc  without 
affecting  the  copper  will  answer.  Nor  is  it  indeed  necessary 
that  any  acid  whatever  be  used.  A  saline  solution  is  often 
found  more  convenient.  Thus  common  salt  dissolved  in  the 
water  will  produce  the  desired  effect. 

Of  the  various  voltaic  combinations  which  have  been  applied 
in  scientific  researches,  four  only  have  been  found  available  to, 
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Fig.  26. 


any  considerable  extent  in  the  working  of  electric  telegraphs, 
the  zinc  and  copper  plate  combination  described  above,  Daniel's 
constant  battery,  Grove's  battery,  Bunsen's  modification  of  it, 
and  the  magneto-electric  apparatus. 

Daniel's  combination,  which  is  extensively  used  in  working 
telegraphs,  consists  of  a  copper  cylindrical  vessel  c  c,  fig.  26, 
widening  near  the  top  a  d.  In  this  is  placed  a  cylindrical 
vessel  of  unglazed  porcelain  p~.  In  this 
latter  is  placed  the  hollow  cylinder  of 
zinc  z,  already  described.  The  space  be- 
tween the  copper  and  porcelain  vessels  is 
filled  with  a  saturated  solution  of  the 
sulphate  of  copper,  which  is  maintained 
in  a  state  of  saturation  by  crystals  of  the 
salt  placed  in  the  wide  cup  a  b  c  d,  in  the 
bottom  of  which  is  a  grating  composed  of 
wire  carried  in  a  zigzag  direction  between 

two  concentric  rings,  as  represented  in  plan  at  G.  The  vessel  p, 
containing  the  zinc,  is  filled  with  a  solution  of  sulphuric  acid, 
containing  from  10  to  25  per  cent,  of  acid  when  greater  electro- 
motive power  is  required,  and  from  1  to  4  per  cent,  when  more 
moderate  action  is  sufficient.  This  form  of  battery  evolves 
electricity  of  low  tension,  but  is  found  very  economical  in  use 
from  the  long  time  it  lasts  without  renewal,  and  is  found 
especially  suited  for  telegraphs  from  its  cheapness  and  the  in- 
variable nature  of  its  current. 

The  following  modification  of  Daniel's  system  was  adopted 
by  M.  Pouillet  in  his  experimental  re- 
searches,  and  is  the  form  and  arrange- 
ment  used  in  France  for  the  telegraphs. 
A  hollow  cylinder  a,  fig.  27,  of  thin 
copper,  is  ballasted  with  sand  6,  hav- 
ing a  flat  bottom  c,  and  a  conical  top  d. 
Above  this  cone  the  sides  of  the  copper 
cylinders  are  continued,  and  terminate 
in  a  flange  e.  Between  this  flange  and 
the  base  of  the  cone,  and  near  the  base, 
is  a  ring  of  holes.  This  copper  vessel 
is  placed  in  a  bladder  which  fits  it 
loosely  like  a  glove,  and  is  tied  round 
the  neck  under  the  flange  e.  The  satu- 
rated solution  of  the  sulphate  of  copper 
is  poured  into  the  cup  above  the  cone, 
and,  flowing  through  the  ring  of  holes,  fills  the  space  between 
the  bladder  and  the  copper  vessel.  It  is  maintained 


Fig.  27. 
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its  state  of  saturation  by  crystals  of  the  salt  deposited  in  the 
cup. 

This  copper  vessel  is  then  immersed  in  a  vessel  of  glazed 
porcelain  i,  containing  a  solution  of  the  sulphate  of  zinc  or  the 
chloride  of  sodium  (common  salt).  A  hollow  cylinder  of  zinc 
h,  split  down  the  side  so  as  to  be  capable  of  being  enlarged,  or 
contracted  at  pleasure,  is  immersed  in  this  solution  surrounding 
the  bladder.  The  poles  are  indicated  by  the  conductors  p  and 
n,  the  positive  proceeding  from  the  copper,  and  the  negative 
from  the  zinc. 

M.  Pouillet  states  that  the  action  of  this  apparatus  is  sus- 
tained without  sensible  variation  for  entire  days,  provided  the 
cup  above  the  cone  d  is  kept  supplied  with  the  salt,  so  as  to 
maintain  the  solution  in  the  saturated  state. 

In  the  batteries  used  for  the  telegraphs  on  the  French  rail- 
ways, the  liquid  in  which  the  zinc  cylinder  is  immersed  is  pure 
water,  and  this  is  found  to  answer  in  a  very  satisfactory 
manner. 

The  current  flows  from  the  copper  cylinder  and  returns  as 
.  usual  to  the  zinc. 

Grove's  battery  consists  of  two  liquids,  sulphuric  and  nitric 
acids,  and  two  metals,  zin^  and  platinum,  arranged  in  the  follow- 
ing manner : — 

A  hollow  cylinder  of  zinc  z  z,  fig.  28,  open  at  both  ends  as 
already  described,  is  placed  in  a  vessel  of  glazed  porcelain,  v  V. 
Within  this  is  placed  a  cylindrical  vessel  v  v,  of  unglazed  por- 
celain, a  little  less  in  diameter  than  the  zinc  z  z,  so  that  a  space 
of  about  a  quarter  of  an  inch  may  separate  their  surfaces.  In 
this  vessel  v  v,  is  inserted  a  cylinder  o  c  of  platinum,  open  at 
the  ends,  and  a  little  less 
than  vv,  so  that  their  sur- 
faces may  be  about  a  quarter 
of  an  inch  asunder.  Dilute 
.sulphuric  acid  is  then  poured 
into  the  vessel  V  V,  and  con- 
centrated nitric  acid  into  vv; 
p  proceeding  from  the  pla- 
tinum will  then  be  the  posi- 
tive, and  N  proceeding  from 
the  zinc  the  negative  pole. 

In  Smee's  battery,  plates  of 
silver  instead  of  copper  are 
used  in  combination  with  zinc,  the  exciting  fluid  is  more  strongly 
acidulated  than  is  customary  in  the  Wollaston  battery,  and  the 
electrical  action  is  consequently  more  powerful.  The  Grove 


Fig.  28. 
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and  Smee  batteries  are  usually  so  arranged  that  the  plates  are 
lifted  out  of  the  cells  by  turning  the  handle  of  a  rack  to  which 
they  are  fixed,  so  as  to  prevent  the  decomposition  of  the  plates 
when  the  batteries  are  not  actually  in  use.  These  two  forms  of 
voltaic  arrangement  are,  however,  expensive  in  construction 
and  working. 

Bunsen  contrived  a  battery  which  has  taken  his  name,  and 
which,  while  it  retains  all  the  efficiency  of  Grove's,  can  be  con- 
structed at  much  less  expense,  the  platinum  element  being 
replaced  by  the  cheaper  material  of  charcoal. 

In  the  vessel  v  v  is  inserted,  instead  of  a  hollow  cylinder  of 
platinum,  a  solid  cylindrical  rod  of  charcoal,  made  from  the 
residuum  taken  from  the  retorts  of  gas-works.  A  strong  porous 
mass  is  produced  by  repeatedly  baking  the  pulverised  coke,  to 
which  the  required  form  is  easily  imparted.  Dilute  sulphuric 
acid  is  then  poured  into  the  vessel  V  v,  and  concentrated  nitric 
acid  into  v  v.  The  electric  fluid  issues  from  a  wire  connected 
with  the  charcoal,  and  returns  by  one  connected  with  the 
zinc. 

The  chief  advantage  of  Daniel's  system  is  that  from  which  it 
takes  its  name,  its  constancy.  Its  power,  however,  in  its  most 
efficient  state,  is  greatly  inferior  to  that  of  the  carbon  or  plati- 
num systems  of  Bunsen  and  Grove.  A  serious  practical  in- 
convenience, however,  attends  all  batteries  in  which  concentrated 
nitric  acid  is  used,  owing  to  the  diffusion  of  nitrous  vapour,  and 
the  injury  to  which  the  parties  working  them  are  exposed  by 
respiring  it.  In  my  own  experiments  with  Bunsen's  batteries 
the  assistants  have  been  often  severely  affected;  and  in  addition 
to  this,  the  production  of  great  power  is  necessarily  accompa- 
nied by  a  speedy  consumption  of  the  materials  of  the  battery, 
and  consequently  an  increased  expense. 

In  the  use  of  the  platinum  battery  of  Grove,  the  nuisance 
produced  by  the  evolution  of  nitrous  vapour  is  sometimes 
mitigated  by  enclosing  the  cells  in  a  box,  from  the  lid  of  which 
a  tube  proceeds  which  conducts  these  vapours  out  of  the  room. 

Although  each  of  the  simple  combinations  described  above 
would  produce  an  electric  current,  which,  being  transmitted 
upon  a  conducting  wire,  would  be  attended  with  effects  suffi- 
ciently distinct  to  manifest  its  presence,  such  a  current  would  be 
too  feeble  in  its  intensity  to  serve  the  purposes  of  a  telegraphic 
line ;  and  as  no  other  simple  voltaic  combination  yet  discovered 
would  give  to  a  current  the  necessary  intensity,  the  object  has 
been  attained  by  placing  in  connection  a  series  of  such  com- 
binations, in  such  a  manner  that  the  currents  produced  by  each 
of  them  being  transmitted  in  the  same  direction,  on  the  same 
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conducting  wire,  a  current  having  an  intensity  due  to  such 
combination  may  be  obtained. 

To  each  of  these  forms  of  battery  may  be  assigned  its  special 
use — The  Daniel's,  Wollaston's,  and  Davy's  for  telegraphs  ; 
Bunsen's  for  electro-plating,  or  where  a  large  volume  of  elec- 
tricity of  low  tension  is  required ;  and  Grove's  and  Smee's  in 
experimental  researches  when  the  most  speedy  and  energetic 
electric  action  is  needed,  such  as  in  the  production  of  the 
electric  light,  deflagration  of  metals,  ignition  of  gunpowder  for 
mining  purposes,  &c. 


Fig.  29.— Interior  of  a  room  in  the  Electric  Telegraph  Office,  Charing  Cross. 

CHAPTER  V. 

TELEGRAPHIC  CONDUCTING  WIRES,  AND  THE  VARIOUS 
MODES  OF  INSULATING  THEM. 

78.  Zinc  coating  applied  to  iron  wire  to  prevent  rust. — 79.  Injurious 
effects  of  smoke  in  towns. — 80.  Reasons  for  insulation. — 81.  Best 
material  and  form  of  insulator  for  over-ground  wires. — 82.  Character 
of  posts  used  for  supporting  the  wires. — 83.  Various  insulators  in  use, 
invented  by  Messrs.  Cooke  and  Wheatstone,  Clark,  Bright,  &c.  — 84. 
French  insulators. —  85.  American  insulators. — 86.  German  insu- 
lation.— 87.  Walker's,  Breguet's,  and  Bright's  lightning  protectors, 
or  paratonerres. — 88.  Leading  wires  into  stations. — 89.  Under-ground 
wires  in  streets. — 90.  Gutta-percha  insulation. — 91.  Cause  of  its 
failure  when  exposed  to  air. — 92.  Wires  over  streets  and  roads. — 93. 
Phenomena  of  subterranean  and  submarine  wires.  — 9 4.  Long  stretches 
of  aerial  wires. — 95.  Contrivances  employed  in  Indian  telegraphs. — 
96.  Messrs.  Bright's  method  of  ascertaining  the  position  of  faults  from 
a  distant  station. 

78.  HAVING  explained,  generally,  the  manner  in  which  the 
electric  current  is  produced  and  maintained,  I  shall  now  pro- 
ceed to  explain  the  various  expedients  by  which  it  is  conducted 
from  station  to  station,  along  the  telegraphic  line,  and  by 
which  injurious  waste  by  leakage  or  drainage  is  prevented  or 
diminished. 
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The  conducting  wires  used  for  telegraphic  lines  are  of  iron, 
usually  the  sixth  of  an  inch  in  diameter.  On  all  European 
lines  they  are  submitted  to  a  process  called  galvanisation,  being 
passed  through  a  bath  of  liquid  zinc,  by  which  they  become 
coated  with  that  metal.  This  zinc  surface  being  easily  oxydable, 
is  soon,  by  the  action  of  air  and  moisture,  converted  into  the 
oxyde  of  zinc,  which,  being  insoluble  by  water,  remains  upon 
the  wire,  and  protects  the  iron  from  all  corrosion. 

When  a  great  length  of  wire  is  to  be  stretched  between  two 
distant  points  without  intermediate  support,  steel  wire  is  often 
preferred  to  iron,  in  consequence  of  its  greater  strength  and 
tenacity. 

Copper  being  a  better  conductor  of  electricity  than  iron,  as 
well  as  being  less  susceptible  of  oxydation,  would  on  these 
accounts  be  more  eligible  for  telegraphic  purposes.  Its  higher 
price,  and  the  possibility  of  compensation  for  the  inferior  con- 
ducting power  of  iron,  by  using  larger  wire  or  greater  battery 
power,  has  rendered  it  preferable  to  use  that  metal.  Besides 
this,  the  copper  wire,  if  suspended  in  any  considerable  length, 
stretches,  while  the  iron  does  not,  from  its  far  greater  rigidity. 

79.  When  galvanised  iron  wires  pass  through  large  towns 
where  great  quantities  of  coal  are  burnt,  the  sulphureous  acid 
gas  resulting  from  such  combustion  acting  upon  the  oxyde  of 
zinc  which  coats  the  conducting  wire,  converts  it  into  a  sulphate 
of  zinc,  which  being  soluble  in  water,  is  immediately  dissolved 
by  rain,  leaving  the  iron  unprotected.  The  wire  consequently 
soon  rusts,  and  is  corroded.  In  some  cases  the  telegraph  wires 
are  reduced  by  this  cause  to  the  thinness  of  a  common  sewing 
needle  in  a  few  years.  As  a  partial  protection  against  corrosion, 
the  wires  in  towns  are  frequently  painted. 

The  wires  used  on  the  American  lines  are  of  iron,  similar  to 
the  European,  but  are  not  galvanised.  They  soon  become 
coated  with  their  own  oxide.  A  pair  of  galvanised  wires  have 
been  placed  between  New  York  and  Boston,  and  I  have  been 
informed  by  Mr.  ShafFner,  the  secretary  of  the  American  Tele- 
graph Confederation,  that  at  certain  times  during  the  winter,  it 
has  been  found  that  they  were  unable  to  work  the  telegraph 
with  these  wires,  while  its  operation  with  the  wires  not  galva- 
nised, was  uninterrupted.  Mr.  Shafmer  also  states  that  several 
anomalous  circumstances  have  been  manifested  upon  some 
extensive  lines  of  wire  erected  on  the  vast  prairies  of  Missouri. 
Thus,  in  the  months  of  July  and  August,  it  is  found  that  the 
telegraph  cannot  be  worked  from  two  to  six  in  the  afternoon, 
being  the  hottest  hours  of  the  day.  These  circumstances  are 
ascribed  to  some  unexplained  atmospheric  effects. 
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The  manner  in  which  the  conducting  wires  are  carried  from 
station  to  station  is  well  known.  Every  railway  traveller  is 
familiar  with  the  lines  of  wire  extending  along  the  side  of  the 
railways,  which,  when  numerous,  have  been  not  unaptly  com- 
pared to  the  series  of  lines  on  which  the  notes  of  music  are  written, 
and  which  are  the  metallic  wires  on  which  invisible  messages 
are  flying  continually  with  a  speed  that  surpasses  imagination. 
These  are  suspended  on  posts,  erected  at  intervals  of  about 
sixty  yards,  being  at  the  rate  of  thirty  to  a  mile.  They  there- 
fore supply  incidentally  a  convenient  means  by  which  a  pas- 
senger can  ascertain  the  speed  of  the  train  in  which  he  travels. 
If  he  count  the  number  of  telegraph  posts  which  pass  his  eye  in 
two  minutes,  that  number  will  express  in  miles  per  hour  the 
speed  of  the  train. 

80.  Since  the  current  of  electricity  which  flows  along  the 
wire  has  always  a  tendency  to  pass  by  the  shortest  route  pos- 
sible to  the  ground,  it  is  evident  that  the  supports  of  the  wires 
upon  these  posts  ought  to  possess,  in  the  highest  attainable 
degree,  the  property  of  insulation ;  for  even  though  the  entire 
stream  of  electrical  fluid  might  not  make  its  escape  at  any  one 
support,  yet  if  a  little  escaped  at  one  and  a  little  at  another,  the 
current  would,  in  a  long  line,  be  soon  so  drained  that  what 
would  remain  would  be  insufficient  to  produce  those  effects  on 
which  the  efficiency  of  the  telegraph  depends.     Great  precau- 
tions have  therefore  been  taken,  and  much  scientific  ingenuity 
has  been  expended  in  contriving  supports  which  shall  possess, 
in  the  highest  attainable  degree,  the  property  of  insulation. 

81.  To  each  of  these  posts  or  poles  are  attached  as  many  in- 
verted cups,  or  other  forms  of  support,  in  porcelain  or  glass,  as 
there  are  wires  to  be  supported.     Each  wire  passes  through  a 
tube,  or  is  supported  on  an  inverted  cup  ;  the  material  of  which 
being  among  the  most  perfect  of  the  class  of  non-conducting 
substances,  the  escape  of  the  electricity  at  the  point  of  contact 
is  impeded. 

Notwithstanding  various  precautions  of  this  kind,  a  con- 
siderable escape  of  electricity  still  takes  place  in  wet  weather. 
The  coat  of  moisture  which  collects  on  the  wire,  its  support, 
and  the  post,  being  a,  conductor,  carries  away  more  or  less  of 
the  fluid.  Consequently,  more  powerful  batteries  are  necessary 
to  give  effect  to  the  telegraph  in  wet  than  in  dry  weather. 

In  England,  and  on  the  Continent,  the  material  hitherto  used 
for  the  support  of  the  wires  is  principally  a  sort  of  earthen  or 
stone  ware.  In  the  United  States  it  is  generally  glass. 

The  forms  of  these  insulating  supports  are  various.  The 
penthouse  or  roof-shape  has  been  usually  preferred  as  preser- 


Fig  30. 
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ving  a  dry  channel  between  the  wire  and  the  post.  The  material 

used  most  commonly  in  England,  a  sort  of  brown  stoneware, 

has  the  advantage,   besides 

being    a  good  insulator,   of 

throwing  off  wet,  as  water 

falls  from    a   duck's    wing, 

leaving  the  surface  dry.     A 

pitcher  of  this  ware,  plunged 

in    water,    scarcely    retains 

any  moisture  upon  it. 

82.  The  posts  vary  gene- 
rally from  15  to  30  feet  in 
height,  the  lowest  wire  being 
about  ten  feet  above  the 
ground,  except  in  cases  where 
greater  height  is  required  to 
allow  vehicles  to  pass  under 
it,  as  when  the  wires  cross  a 
common  road,  or  pass  from 
one  side  of  the  railway  to  the 
other.  The  poles  are  about 
6  inches  square  at  the  top, 

and  increase  to  8  inches  at  the  bottom.  In  some  cases  they 
are  impregnated  with  certain  chemical  solutions,  to  preserve 
them  from  rotting,  and  are  generally  painted,  the  parts  which 


are  in  the  ground  being  charred  and  tarred.     The  manner  of 
treatment,  however,  varies  in  different  countries. 
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83.  In  figs.    30  and    31  are  represented  different  forms    of 
supports  used  in    England.     To   cross-pieces  of  wood,  A  A7, 

Fig.  32. 


bolted  upon  the  post  (fig.  30),  are  attached  balls,  6,  of  stoneware, 
as  described  above,  in  which  grooves   or  slits    are  formed  to 
Fig.  33.   •  receive  and  support  the 

wires.  These  supports 
are  protected  from  rain 
and  from  the  deposi- 
tion of  dew  by  hoods 
of  zinc-coated  iron 
placed  over  them. 
Glass  being  so  much 
better  an  insulator, 
balls  of  that  material 
are  recently  being  sub- 
stituted for  the  stone- 
ware. This  mode  of 
insulation  was  devised 
by  Mr.  Clark. 

Another  form  of 
support,  sheltered  by 
a  sort  of  sloping  roof, 
is  represented  in  fig. 
31.  On  the  front  of 
the  post  is  a  wooden 
arm  to  which  a  series 
of  stoneware  rings  are 
attached,  through  which  the  wires  pass.  These  rings  have  the 
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form  of  two  truncated  cones  placed  with  their  larger  bases  in 
contact.  This  form  was  the  one  first  adopted  by  Messrs.  Cooke 
and  Wheatstone,  but  has  now  been  given  up. 

It  is  usual,  where  the  wires  are  numerous,  as  on  some 
of  the  lines  near  London,  to  attach  these  supports  both  to  the 
front  and  back  of  the  post.  Sometimes  as  many  as  thirty,  or 
even  more,  insulators,  each  bearing  a  wire,  are  attached  to  a 
single  telegraph  post. 

Apparatus  for  tightening  the  wires,  as  shown  at  fig.  32,  were 
formerly  attached  to  the  posts  at  every  half-mile,  but  are  not 
now  resorted  to,  the  wire  being  bound  to  each  insulator  so 
that  it  cannot  run  out. 

An  improved  system  of  insulation  invented  by  Sir  Charles 
Bright,  is  shown  at  fig.  33.  The  insulators  are  composed  of 
glass  or  porcelain,  Fig  34 

somewhat  in  the 
form  of  an  um- 
brella, with  a  slot 
at  the  top  to  hold 
the  wire,  which  is 
fastened  to  each 
insulator  by  a  turn 
of  thin  wire  passed 
round  its  head.  The 
arms  on  the  post 
are  increased  in 
length  upwards ; 
so  that  in  case  an 
upper  wire  becomes 
accidentally  broken  and  falls,  it  clears  the  wires  below,  and 
does  not  impede  working  by  coming  into  contact  with 
them. 

At  points  where  close  curves  throw  a  strain  upon  the  insu- 
lators, Sir  Charles  Bright  has  contrived  a  traversing  insulator, 
given  in  fig.  34,  which  is  so  arranged  as  to  adapt  itself  to 
any  angle  the  wire  has  to  assume.  A  bolt  passes  through  the 
post,  holds  upon  a  hinge  two  iron  arms,  a  a,  each  of  which 
passes  through  the  centre  or  stem  of  a  double  shed  insulator 
of  porcelain  or  glass.  The  line  wire  is  fastened  round  the 
outside  of  the  stem,  between  the  sheds,  so  that  loss  of  electricity 
is  guarded  against  both  above  and  below  the  wire.  The  hinge 
allows  the  insulator  to  traverse  in  any  direction  required,  and 
the  bolt  is  so  fixed  in  the  post  that  its  line  of  direction 
bisects  the  angle  of  strain.  This  form  of  insulator  has 
been  generally  adopted  in  this  country  and  abroad,  wherever 
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long  stretches  of  wire  are  required,  as  in  crossing  the  streets  of 

towns,  &c. 

Fig.  35  shows  a  porcelain  insulator  which  has  been  sub- 
stituted in  many  places  for  the  insula- 
tion described  in  figs.  30  and  31.  In 
this  case  the  iron  bolt  of  the  insulator  fits 
into  the  socket  of  an  iron  bracket  screwed 
to  the  post.  The  slot  in  the  top  of  the  por- 
celain cup  is  so  curved  as  to  give  the  wire 
a  slight  bend,  and  check  it  from  running 
out  in  case  of  breakage. 

Another  still  more  recent  plan  is  given  in 
fig.  36,  where  two  cups  of  earthenware  are 
fitted  one  within  the  other,  so  that  in  case  of 
leakage  through  one  the  other  may  be 
sound. 
It  was  found  that,  in  manufacturing  earthenware  or  porcelain 

by  the  ordinary  process  of  turning  or  moulding,  the  material 
was  always  more  or  less  porous  when  the 
glazing  deteriorated;  and  to  obviate  this 
Mr.  Jobson,  of  Dudley,  introduced  a  method 
of  compressing  the  porcelain  in  moulds  by 
a  powerful  hydraulic  machine,  which  has 
proved  a  great  advantage.  It  is  customaiy 
to  test  each  insulator  during  the  process  of 
manufacture,  by  soaking  the  cups  in  acidu- 
lated water  for  some  days,  and  then  applying 
a  strong  electrical  power  to  ascertain  if  there 
is  the  slightest  leakage  apparent.  The  iron 
bolts  of  the  insulators  are  usually  galvanised, 
to  prevent  rusting,  and  are  sometimes  co- 
vered with  vulcanised  india-rubber  or  other 
insulating  material,  to  lessen  the  chance  of 
leakage  between  the  wire  and  bolt.  Vul- 
canised india-rubber,  or  ebonite,  has  also 
been  moulded  into  the  cup  or  invert  form, 
and  used  as  an  insulator  for  overground 

wires,  but  is  found  to  become  partially  porous  after  being  up  a 

year  or  two. 

84.  In  France  the  posts  are  from  twenty  to  thirty  feet  high, 

placed  at  distances  varying  from  sixty  to  seventy  yards  asunder, 

and  sunk  to  a  depth  of  from  three  to  seven  feet  in  the  ground. 

They  are  impregnated  with  sulphate  of  copper  to  preserve  them 

from  rotting  by  damp. 

The  conducting  wire  rests  in  an  iron  hook,  which  is  fastened 


Fig.  36.— Double  cup 
insulator. 
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by  sulphur  into  the  highest  part  of  the  cavity  of  an  inverted 

bell,  formed  of  porcelain,  from 
Figs.  37,  38.  which  two  ears  project,  which 

are  screwed  to  the  post. 

A  section  of  this  apparatus  is 
given  in  fig.  37,  and  a  side  view 
in  fig.  38,  the  figures  being  one- 
fifth  of  the  actual  magnitude. 

The  winding  posts  are  placed 
at  distances  of  a  kilometre  (six- 
tenths  of  a  mile).     The  apparatus  used  for  tightening  the  wire 
consists  of  two  drums  or  rollers,  each  carrying  on  its  axis  a 
ratchet  wheel  with  a  catch.     These  drums   are  mounted  on 
iron  forks  formed  at  the  ends  of  an  iron  bar,  which  is  passed 
through  an  opening  in  a  porcelain   support,   and  secured  in 
its  position  by  pins,  the  porcelain  support  being  attached  to 
the  post  by  screws  passing  through  ears  projecting  from  it. 
A  front  view  of  this  winding  apparatus  is  given,  fig.  39 ;  a 

Fig.  39. 


Fig.  40. 


side  view  of  the  porcelain  support,  showing  the  opening  through 
which  the  iron  bar  is  passed,  and  the  screws  by  which  it  is 
attached  to  the  post,  is  given  in  fig.  40.  These  figures  are 
one-fifth  of  the  real  magnitude  of  the  apparatus. 

The  conducting  wires  used  in  France  are  similar  to  those 
used  on  the  English  lines. 

85.  The  insulating  supports  of  the 
wires  used  on  the  American  lines  are 
very  various  in  form. 

The  supports  upon  the  principal 
Morse  lines  consist  of  a  glass  knob, 

fig.  41,  upon  which  two  pro- 
jecting   rings  are  raised  in 

the   groove    between    which 

the  wire  is  wrapped.      This 

glass  knob  is  attached  to  an 

iron  shank  as  represented  in 

fig.  42,  which  is  driven  into  the  postt 


Fig.  41. 
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Another  form  of  support  used  on  these  lines  is  represented  in 
fig.  43,  which  consists  of  'two  rectan- 
gular blocks  of  glass,  in  each  of  which 
is  a  semi- cylindrical 
groove  corresponding 
with  the  thickness  of 
the  conducting  wire, 
so  that  the  wire  being 
laid  in  the  groove  of 
one  of  them  and  the  other  being  laid  upon  it, 
will  be  completely  enclosed  within  the  block  of  glass  pro- 
duced by  their  union.  These  blocks  of  glass  are  surrounded 
and  protected  by  a  larger  block  of  wood,  as  represented  in 
the  figure,  where  the  white  part  represents  the  glass,  and  the 
shaded  part  the  wood. 

Such  a  form  of  insulation  as  this  would  be  quite  insufficient 

upon  circuits  exceeding  20 
or  30  miles  in  length,  and 
was  probably  an  expedient 
adopted  in  the  early  days 
of  telegraphy,  before  the 
principles  of  such  work  were 
understood. 

The  supports  are  some- 
times attached  to  the  sides 
of  the  posts,  and  sometimes 
placed  upon  a  horizontal 
cross  bar,  as  represented  in 
fig.  44. 

The  supports  used  in 
House's  lines  consist  of  a 
glass  cap  about  five  inches 
in  length  and  four  inches 
in  diameter,  having  a  coarse  screw-like  surface  cut  inside 
and  out.  This  glass  cap  (2)  fig.  45,  is  screwed  and  cemented 
into  a  bell-shaped  iron  cap  (1)  from  three  to  four  pounds 
in  weight,  projecting  an  inch  below  the  lower  edge  of  the 
glass,  protecting  it  from  being  broken;  this  is  fitted  with 
much  care  to  the  top  of  the  pole  (3),  and  is  covered  with 
paint  or  varnish.  The  conducting  wire  is  fastened  to  the  top 
of  the  cap  by  projecting  iron  points,  and  the  whole  of  the 
iron  cap  is  thus  in  the  circuit,  as  the  wire  is  of  iron,  and 
not  insulated.  To  prevent  the  deposit  of  moisture,  the 
glass  is  covered  by  a  varnish  of  rgum-lac  dissolved]  in  alco- 
hol, and  the  ring-like  form  of  the  glass  is  to  cause 
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Fig.  45. 


any    moisture     to    be     carried     to     the     edge,     and     there 
drop  off. 

86.  One  of  the  forms  of  insulating 
support  used  on  the  German  lines  is 
represented  in  fig.  46A,  and  consists  of 
an  insulating  cap  placed  on  the  taper- 
ing end  of  a  post  T.  The  post  termi- 
nates in  a  point  c,  an  inch  and  a  half  in 
length  and  about  six  lines  in  diameter ; 
this  pole  is  covered  with  a  porcelain  cap 
d  d,  a  sort  of  reversed  cup  ;  on  its  sum- 
mit e  there  is  a  hole  inlaid  with  lead, 
in  which  the  conducting  wire  &  &  enters  ; 
this  insulator  is  then  covered  with  a  roof. 

In  localities  where  the  insulators  are 
exposed  to  the  chance  of  injury,  either 
from  stone-throwing  (a  favourite  amuse- 
ment of  lads  in  many  districts),  or  other 
causes,  an  iron  or  teak  cover  is  fitted  on  over  the  insulating 
cup  of  porcelain  or  glass. 

It  may  be  asked  what  prevents 
the  escape  of  the  electric  fluid  from 
the  surface  of  the  wire  between  post 
and  post  ?  In  general,  when  wires  are 
used  on  a  smaller  scale  for  the  trans- 
mission of  electric  currents,  the  escape 
of  the  fluid  is  prevented  by  wrapping 
them  with  silk  or  cotton  thread,  which 
thus  forms  a  non-conducting  cover 
upon  them,  but  on  the  scale  on  which 
they  are  used  on  telegraphic  lines  the 
expense  of  this,  independently  of  the 
difficulty  of  protecting  such  covering 
from  destruction  by  weather,  would 
render  it  inadmissible. 

The  atmosphere,  when  dry,  is  a  good  non-conductor;  but 
this  quality  is  impaired  when  it  is  moist.  In  ordinary  weather, 
however,  the  air  being  a  sufficiently  good  non-conductor,  a 
metallic  wire  will,  without  any  other  insulating  envelope  except 
the  air  itself,  conduct  the  stream  of  electricity  to  the  necessary 
distances.  It  is  true  that  a  coated  wire,  such  as  we  have 
described,  would  be  subject  to  less  waste  of  the  electric  fluid  en 
route  ;  but  it  is  more  economical  to  provide  batteries  sufficiently 
powerful  to  bear  this  waste,  than  to  cover  such  extensive  lengths 
of  wire  with  any  envelope. 
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87.  Atmospheric  electricity  having  been  found  to  be  occasion- 
ally attracted  to  the  wires,  and  to  pass  along  them,  so  as  to 
disturb  the  indications  of  the  telegraphic  instruments,  and 
sometimes  even  to  be  attended  with  no  inconsiderable  danger 
to  those  employed  in  working  the  apparatus ;  various  expedients 
have  been  contrived  for  removing  the  inconvenience  and  averting 
the  danger.  The  current  produced  by  this  atmospheric  elec- 
tricity is  often  so  intense  as  to  render  some  of  the  finer  wires 
used  in  certain  parts  of  the  apparatus  at  the  stations,  rod  hot, 
and  sometimes  even  to  fuse  them.  It  also  produces  very  inju- 
rious effects  by  demagnetising  the  needles,  or  imparting  perma- 
nent magnetism  to  certain  bars  of  iron  included  in  the  apparatus, 
which  thus  become  unfit  to  use. 

One  of  the  expedients  used  for  the  prevention  of  these  in- 
convenient and  injurious  effects  is  to  place  common  lightning 
conductors  on  the  posts.  The  points  of  these  are  shown  upon 
the  posts  in  figs.  30  and  31. 

Mr.  Walker,  of  the  South-Eastern  Company,  and  M. 
Breguet,  of  Paris,  have  each  invented  an  instrument  for  the 
better  protection  of  telegraphic  stations  from  atmospheric  electric 
discharges.  Both  these  contrivances  have  been  found  in  prac- 
tice to  be  efficacious,  and  though  differing  altogether  in  form 
they  are  similar  in  principle.  In  both,  a  much  finer  wire  than 
any  which  lies  in  the  regular  route  of  the  current  is  interposed 
between  the  line  wire  and  the  station,  so  that  an  intense  and 
dangerous  atmospheric  current  must  first  pass  this  fine  wire 
before  reaching  the  station.  Now  it  is  the  property  of  such  a 
current  to  raise  the  temperature  of  the  conductor  over  which  it 
passes  to  a  higher  and  higher  point  in  proportion  to  the  resist- 
ance which  such  conductor  offers  to  its  passage.  But  the  re- 
sistance offered  by  the  wire  is  greater  in  the  same  proportion  as 
its  section  is  smaller.  The  safety  wire  interposed  in  these  con- 
trivances is,  therefore,  of  such  thinness  that  it  must  be  fused  by 
a  current  of  dangerous  intensity.  The  wire  being  thus  destroyed, 
all  electric  communication  with  the  station  is  cut  off,  and  the 
extent  of  the  inconvenience  is  the  temporary  suspension  of  the 
business  of  the  line  until  the  breach  has  been  repaired. 

To  obviate  the  inconvenience  arising  from  the  interruption  of 
communication  by  the  fusing  of  the  thin  wire  in  the  ordinary 
form  of  lightning  protectors,  an  apparatus  was  invented  some 
time  since  by  Sir  Charles  Bright  and  the  writer,  in  which  the 
fact  that  any  intense  form  of  electricity,  such  as  lightning,  will 
pass  with  ease  through  rarefied  air,  is  turned  to  account.  This 
instrument  is  shown  in  fig.  46s,  where  a  is  a  small  air-tight 
chamber  of  glass  or  other  suitable  material ;  &,  a  metal  terminal 
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plate  connected  with  the  line  wire  outside  the  telegraph  instru- 
ment ;  and  c,  a  metal  plate  connected  to  the  earth.  The  air 
within  the  box  is  sufficiently  exhausted,  by  means  of  an  air- 
pump,  to  allow  lightning  to  pass  freely,  and  thus,  when  joined 
to  a  line  of  telegraph,  this  apparatus  acts  as  a  safety-valve ;  not 
interfering  with  the  ordinary  electricity  used  in  working  the 
wires,  but  affording  an  easy  channel  to  earth  for  lightning. 

Expedients  are  used  on  the  American  lines  to  divert  the 
atmospheric'  electricity  from  the  wires,  consisting  merely  -of  a 
number  of  fine  points  projecting  from  a  piece  of  metal  connected 
with  the  earth  by  a  rod  of  metal.  These  points  are  presented  to 
a  metal  plate,  or  other  surface,  attached  to  the  line  wire  at  the 
place  where  it  enters  the  station.  It  is  found  that  these  points 
attract  the  atmospheric  electricity,  which  passes  to  the  ground 
by  the  conductor  connected  with  them,  but  do  not  attract  the 
electricity  of  the  battery  current. 

88.  The  wires  extended  from  post  to  post  are  continued  in 


Fig.  46s. — Bright's  rarefied  air  lightning  protector, 
o.  Glass  chamber,  from  which  the  air  has  been  partially  exhausted. 
6.   Metallic  discharger  from  line  wire. 
c.  Metallic  base  of  protector,  connected  with  the  earth. 

passing  the  successive  stations  of  the  line.  The  expedients  by 
which  the  current  is  turned  aside  from  the  main  wire,  and  made 
to  pass  through  the  telegraphic  office  of  the  station,  differ  more  or 
less  in  their  details  on  different  lines  and  in  different  countries, 
but  are  founded  on  the  same  general  principles.  It  will  there- 
fore be  sufficient  here  to  describe  one  of  those  commonly  used  on 
the  British  lines. 

p  2 
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The  conducting  wire  of  the  main  line  in  passing  the  station  is 
cut  and  the  ends  jointed  by  a  shackle,  as  represented  in  fig.  31, 
in  the  case  of  a  winding-post.  This  shackle  breaking  the 
metallic  continuity  would  stop  the  course  of  the  current.  A  wire 
is  attached  to  the  line  wire  below  the  shackle  so  as  to  receive 
the  current  which  the  latter  would  stop,  and  is  carried  on  insu- 
lating supports  into  the  telegraphic  office,  and  put  in  connection 
with  the  telegraphic  instrument.  Another  wire  connected  with 
the  other  side  of  the  instrument  receives  the  current  on  leaving 
it,  and  being  carried  back  on  insulating  supports  to  the  line 
wire,  is  attached  to  the  latter  above  the  shackle,  and  so  brings 
back  the  current,  which  continues  its  progress  along  the  line 
wire. 

A  very  effective  form  of  shackle,  the  invention  of  Sir  C. 
Bright,  has  been  used  for  many  years  on  the  English  lines.  It  is 
shown  in  fig.  47.  The  line  wire  is  attached  on  each  side  to  the 


Fig.  47.— Sir  C.  Brigkt's  shackle. 

hooks  a  a',  which  are  insulated  from  the  iron  frame-work  and 
from  each  other  by  the  double  porcelain  cups  &  &'.  The  con- 
necting wires  are  then  led  into  the  station  from  each  end  of  the 
line  wire. 

89.  Although  the  mode  of  carrying  the  conducting  wires  at  a 
certain  elevation  on  supports  above  the  ground  has  been  the 
most  general  mode  of  construction  adopted  on  telegraphic  lines, 
it  has  been  found  in  certain  localities  subject  to  difficulties  and 
inconvenience,  and  some  projectors  have  considered  that  in  all 
cases  it  would  be  more  advisable  to  carry  the  conducting  wires 
underground. 

This  underground  system  has  been  adopted  in  the  streets  of 
London  and  of  some  other  large  towns. 

The  wires  were  at  first  wrapped  with  cotton  thread,  and 
coated  with  a  mixture  of  tar,  resin,  and  grease ;  but  this  was 
found  a  very  defective  expedient,  and  upon  the  introduction  of 
gutta-percha,  resin  and  its  concomitants  were  at  once  dispensed 
with. 

The  wires  are  carried  in  iron  pipes  under  the  foot  pavements, 
along  the  sides  of  the  streets,  and  are  thus  conducted  to  the 
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terminal  stations  of  the  various  railways,  where  they  are  united 
to  the  lines  of  wire  supported  on  posts  along  the  sides  of  the 
railways,  already  described. 

Provisions,  called  testing  posts,  are  made  at  intervals  of  a 
quarter  of  a  mile  along  the  streets,  by  which  any  failure  or 
accidental  irregularity  in  the  buried  wires  can  be  ascertained, 
and  the  place  of  such  defect  always  known  within  a  quarter  of 
a  mile. 

Some  of  the  wires  of  the  British  and  Irish  Magnetic  Tele- 
graph Company  were  at  first  laid  and  protected  in  the  following 
manner. 

Ten  conducting  wires  are  enveloped  in  a  covering  of  gutta- 
percha,  so  as  to  be  completely  separated  one  from  another. 
Thus  prepared,  they  are  deposited  in  a  square  creosoted  wooden 
trough,  measuring  three  inches  in  the  side,  so  that  nearly  a 
square  inch  of  its  cross  section  is  allowed  for  each  of  the  wires. 
This  trough  is  deposited  on  the  bottom  of  a  trench  cut  two  feet 
deep  along  the  side  of  the  common  coach  road.  A  galvanised 
iron  lid,  of  about  an  eighth  of  an  inch  thick,  is  then  fastened  on 
by  clamps  or  small  tenter-hooks,  and  the  trench  filled  in. 

A  section  of  the  trough  in  its  actual  size  is  given  in  fig.  48. 

Fig.  48.— Galvanised  Iron  Lid,  No.  14,  Birmingham  Wire  Gauge. 


Creosoted  Deal  Troughing. 

The  method  of  laying  the  wires  in  the  streets  adopted  by  this 


70  THE  ELECTRIC  TELEGRAPH. 

company  is  a  little  different.  In  this  case  iron  pipes  are  laid, 
but  they  are  split  longitudinally.  The  under  halves  are  laid 
down  in  the  trench,  and  the  gutta-percha-covered  wires  being 
deposited,  the  upper  halves  of  the  pipes  are  laid  on  and  secured 
in  their  places  by  means  of  screws  through  flanges  left  outside 
for  the  purpose. 

To  deposit  the  rope  of  gutta-percha-covered  wires  in  the 
trough,  it  is  first  coiled  upon  a  large  drum,  which  being  rolled 
along  slowly  and  uniformly  over  the  trench,  the  rope  of  wires  is 
payed  off  easily  and  evenly  into  its  bed. 

So  well  has  this  method  of  laying  the  wires  succeeded,  that 
in  Liverpool  the  entire  distance  along  the  streets,  from  Tithe- 
barn  Eailway  Station  to  the  Telegraph  Company's  offices  in 
Exchange  Street  East,  was  laid  in  eleven  hours ;  and  in  Man- 
chester the  line  of  streets,  from  the  Salford  Eailway  Station  to 
Ducie  Street,  Exchange,  was  laid  in  twenty-two  hours.  This 
was  the  entire  time  occupied  in  opening  the  trenches,  laying 
down  the  telegraph  wires,  refilling  the  trenches,  and  relaying 
the  pavement. 

90.  In  passing  through  tunnels  the  overground  wires  were 
subject  to  great  inconvenience,  owing  to  the  quantity  of  water 
percolating  through  the  roof,  constantly  falling  on  the  wires 
and  their  supports,  and  thus  injuring  their  insulation.  It  has 
been  found  that  from  this  cause  the  current  transmitted  along 
one  wire  has  been  subject  to  leakages,  a  part  of  it  passing  by 
the  moisture  which  surrounds  the  supports  to  an  adjacent  wire, 
so  that  being  thus  divided,  part  either  returns  to  the  station  from 
which  it  has  been  transmitted,  or  goes  on  to  a  station  for  which 
it  is  not  intended. 

This  inconvenience  has  been  removed  by  adopting  for  tun- 
nels the  underground  system.  Mr.  Walker,  to  whom  great 
experience  in  the  practical  business  of  electric  telegraphy,  and 
considerable  scientific  knowledge,  must  give  much  authority  on 
such  a  subject,  at  first  adopted  (apparently  with  very  favourable 
results)  a  method  of  covering  the  wires,  which  pass  through 
tunnels,  with  a  coating  of  gutta-percha.  The  conducting  wire 
thus  treated  was  copper  wire  No.  16.  The  gum  being  well 
cleaned  and  macerated  by  steam,  is  put  upon  the  wire  by 
means  of  grooved  rollers.  Since  this  plan  was  first  tried  great 
improvements  have  taken  place  in  the  manufacture  of  gutta- 
percha-covered  wire ;  and  under  the  superintendence  for  many 
years  of  the  late  Mr.  Statham,  and  subsequently  of  Mr.  Chat- 
terton,  vast  quantities  of  wire  so  insulated  have  been  provided 
for  submarine  cables,  under-ground  lines,  and  tunnels.  The 
gutta-percha,  after  being  thoroughly  macerated  and  cleansed 
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by  several  processes,  is  placed  in  a  warm  and  plastic  condition 
within  a  cylinder.  The  wire  to  be  covered  is  drawn  through 
a  small  circular  opening,  or  die,  in  front  of  the  cylinder.  The 
pressure  of  a  piston  upon  the  gutta-percha  in  the  cylinder 
forces  it  out  with  the  wire  in  the  centre.  After  being  cooled  in 
a  tank  of  water,  a  second  coating  of  gutta-percha  is  applied  in  a 
similar  manner  ;  and  for  important  submarine  lines  as  many  as 
five  coatings  have  been  added  to  one  another,  to  prevent  the 
possibility  of  leakage  of  electricity  through  one  or  more  of 
them.  Between  1851  and  1854  considerable  lengths  of  gutta- 
percha-covered  wire  were  laid  underground,  both  in  England 
and  Prussia,  along  the  roads  on  some  of  the  principal  routes  of 
the  telegraph  lines.  The  gutta-percha  was,  however,  found  to 
decay  after  a  few  years,  and  this  plan  of  telegraph  has  been 
given  up  for  long  lines,  overground  wires  being  substituted. 

91.  Contact  with  air  desiccates  the  gum,  after  a  time,   by 
absorbing  its  essential  oil ;  the  gutta-percha  thus  becomes  to  a 
certain  extent  porous  and  spongy,  and  no  longer  affords  a  suffi- 
cient insulation  for  the  electricity.     In  some  cases  microscopic 
fungi  are  developed  on  the  decaying  material. 

Water,  however,  and  contact  with  vegetable  tar,  are  found  to 
act  as  preservatives  ;  and  in  submarine  cables,  laid  even  fifteen 
years  ago,  the  gutta-percha  surrounding  the  wires  is  found  to 
be  as  fresh  and  sound  as  when  the  cables  were  first  manu- 
factured. 

92.  In  France  and  in  the  United  States  the  wires,  even  in 
the  cities  and  towns,  are  conducted  on  rollers  at  an  elevation, 
as  on  other  parts  of  the  lines.     In  Paris,  for  example,  the  tele- 
graphic wires  proceeding  from  the  several  railway  stations  are 
carried  round  the  external  boulevards  and  along  the  quays,  the 
rollers  being  attached  either  to  posts  or  to  the  walls  of  houses 
or  buildings,  and  are  thus  carried  to  the  central  station  at  the 
Ministry  of  the  Interior. 

In  Europe,  the  telegraphic  wires  have  until  very  lately 
invariably  followed  the  course  of  railways;  and  this  circum- 
stance has  led  some  to  conclude  that,  but  for  the  railways,  the 
electric  telegraph  would  be  an  unprofitable  project. 

This  is,  however,  a  mistake.  Independently  of  the  case  of 
the  Magnetic  Telegraph  Company  already  mentioned,  the  wires 
in  the  United  States,  where  a  much  greater  extent  of  electric 
telegraph  has  been  erected  and  brought  into  operation  than  in 
Europe,  do  not  follow  the  course  of  the  railways.  They  are 
conducted,  generally,  along  the  sides  of  the  common  coach- 
roads,  and  sometimes  even  through  tracts  of  country  where  no 
roads  have  been  made. 
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It  has  been  contended  in  Europe  that  the  wires  would  not  be 
safe  unless  placed  within  the  railway  fences.  The  reply  to  this 
is,  that  they  are  found  to  be  safe  in  the  United  States,  where 
there  is  a  much  less  efficient  police,  even  in  the  neighbourhood 
of  towns,  and  in  most  places  no  police  at  all.  It  may  be 
observed,  that  the  same  apprehensions  of  the  destructive  pro- 
pensities of  the  people  have  been  advanced  upon  first  proposing 
most  of  the  great  improvements  which  have  signalised  the  pre- 
sent age.  Thus,  when  railways  were  projected,  it  was  objected 
that  mischievous  individuals  would  be  continually  tearing  up 
the  rails,  and  throwing  obstructions  on  the  road,  which  would 
render  travelling  so  dangerous  that  the  system  would  become 
impracticable. 

When  gas-lighting  was  proposed,  it  was  objected  that  evil- 
disposed  persons  would  be  constantly  cutting  or  breaking  the 
pipes,  and  thus  throwing  whole  towns  into  darkness. 

Experience,  nevertheless,  has  proved  these  apprehensions 
groundless ;  and  certainly  the  result  of  the  operations  on  the 
electric  telegraph  in  the  United  States  goes  to  establish  the 
total  inutility  of  confining  the  course  of  the  wires  to  railways. 
Those  who  have  been  practically  conversant  with  the  system 
both  in  Europe  and  in  America,  go  further,  and  even  maintain 
that  the  telegraph  is  subject  to  less  inconvenience,  that  acci- 
dental defects  are  more  easily  made  good,  and  that  an  efficient 
superintendence  is  more  easily  insured  on  common  roads,  accord- 
ing to  the  American  system,  than  on  railways. 

These  reasons,  combined  with  the  urgent  necessity  of  extend- 
ing the  Electric  Telegraph  to  places  where  railways  have  neither 
been  constructed  nor  contemplated,  have  led  to  the  general  de- 
parture of  the  telegraphic  wires  from  the  lines  of  railway  in 
various  parts  of  the  continent.  In  France,  particularly,  almost 
all  the  recently-constructed  telegraphic  network  is  spread  over 
districts  not  intersected  by  railways,  and  even  where  railways 
prevail,  the  wires  are  often,  by  preference,  carried  along  the 
common  road. 

93.  After  underground  and  submarine  wires  had  been  con- 
structed and  laid  upon  a  considerable  scale,  the  attention  of 
Dr.  Faraday  was  called  by  some  of  the  parties  engaged  in  their 
management  to  peculiar  phenomena  which  had  been  manifested 
in  the  telegraphic  operations  made  upon  the  lines  thus  laid. 
After  experiments  had  been  made  upon  a  large  scale  with  lines 
of  subaqueous  and  subterranean  wires,  extending  to  distances 
varying  from  100  to  1,500  miles,  it  was  found  that  the  electricity 
supplied  by  the  voltaic  battery  to  the  covered  wire  was  in  great 
quantity  arrested  there,  by  the  attraction  of  electricity  of  an 
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opposite  kind  evolved  from  the  water  or  earth  in  which  the 
wire  is  sunk ;  the  attraction  acting  through  the  gutta-percha 
covering  exactly  in  the  same  manner  as  that  in  which  the 
electricity  developed  by  a  common  electric  machine,  and  de- 
posited on  the  inside  metallic  coating  of  an  electric  jar,  acts 
through  the  glass  upon  the  natural  electricity  of  the  external 
coating,  or  of  the  earth  in  connection  with  it.  The  two  opposite 
electricities  on  the  inside  and  outside  of  the  coating  of  the  wire 
by  their  mutual  action  neutralise  each  other,  and  under  certain 
circumstances  a  person  placing  his  hands  in  metallic  connection 
with  both  sides  of  such  coating,  may  ascertain  the  presence  of 
a  large  charge  of  such  neutralised  fluid,  by  receiving  the  shock 
which  it  will  give  like  that  of  a  charged  Ley  den  jar. 

The  only  defect  complained  of  in  the  underground  wires  is 
that  which  proceeds  from  accidental  failures  of  complete  insula- 
tion, produced  by  defects  in  the  gutta-percha  or  other  coating 
which  allow  moisture  to  penetrate  in  wet  weather  and  to  reach 
the  conducting  wire,  or  it  may  arise  from  accidental  fracture 
of  the  wire.  In  any  such  cases  the  flow  of  the  current  to  its 
destination  is  interrupted,  and  the  telegraph  conveys  no  signal. 

94.  Although  as  a  general  rule  the  overground  lines  of  tele- 
graphic wire  are  sustained  by  supports  at  intervals  of  about 
sixty  yards,  many  exceptional  cases  are  presented  in  which 
they  are  extended  between  supports  at  much  greater  distances 
asunder.  In  London,  and  nearly  every  large  town,  great 
stretches  of  wires  may  be  seen  crossing  the  streets  diagonally 
between  posts  several  hundreds  of  yards  apart,  and  in  some 
cases  broad  rivers,  like  the  Thames,  are  spanned  by  the  aerial 
conductors. 

Surprising  examples  of  long  lines  of  wires  without  inter- 
mediate support,  are  presented  on  the  telegraphic  line  passing 
north  and  south  through  Piedmont,  between  Turin  and  Genoa. 
There,  according  to  a  report  published  in  the  "  Piedmontese 
Gazette,"  in  the  course  of  the  line  passing  through  the  district 
intersected  by  the  chain  of  the  Bochetta,  the  engineer,  M. 
Bonelli,  had  the  boldness  to  carry  the  wires  from  summit  to 
summit  aross  extensive  valleys  and  ravines,  at  immense  heights 
above  the  level  of  the  ground.  In  many  cases  the  distance 
between  these  summits  amounted  to  more  than  half  a  mile,  and 
in  some  to  nearly  three-quarters  of  a  mile.  In  passing  through 
towns,  this  line  is  carried  underground,  emerging  from  which 
it  is  again  stretched  through  the  air  from  crest  to  crest  of  the 
Maritime  Apennines,  after  which  it  finally  sinks  into  the  earth, 
passing  through^Genoa  under  the  streets,  and  terminating  in  the 
Ducal  palace. 
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It  is  stated  that  the  insulation  of  the  wires  on  this  picturesque 
line  has  been  so  perfect,  notwithstanding  the  adverse  circum- 
stances of  its  locality,  that  although  it  was  constantly  at  work 
day  and  night  during  the  first  winter,  no  failure  of  transmission 
or  extraordinary  delay  ever  occurred. 

95.  On  the  introduction  of  the  electric  telegraph  in  India, 
Dr.  O'Shaughnessy  of  the  East  India  Company's  medical  depart- 
ment, in  constructing  an  experimental  line  through  a  distance 
of  80  miles  from  Calcutta,  used,  instead  of  wires,  iron  rods, 
being  the  only  obtainable  materials.  These  were  fastened 
together  and  supported  on  bamboos. 

By  experiments  thus  made,  he  found  that  the  wires  employed 
in  Europe  would  be  quite  inadequate  to  the  Indian  telegraph- 
In  England,  where  the  lines  are  carried  along  railways,  and 
where  there  are  no  living  obstacles  to  contend  with,  the  thin 
iron  wire,  No.  8  or  10  gauge,  answers  its  purpose  well;  but 
no  sooner  were  the  rods  mounted  on  their  bamboo  supports  in 
India  than  flocks  of  that  largest  of  all  birds,  the  adjutant,  found 
the  rods  convenient  perches,  and  groups  of  monkeys  congre- 
gated upon  them;  showing  clearly  enough  that  the  ordinary 
wire  would  be  insufficient  to  bear  the  strains  to  which  these 
telegraphic  lines  would  be  subjected.  It  was  found  also  that 
not  only  must  the  wire  be  stronger,  but  that  it  must  be  more 
elevated,  to  allow  loaded  elephants,  which  march  about  regard- 
less of  roads  or  telegraphic  lines,  to  pass  underneath. 

The  telegraphic  communication  thus  practically  effected, 
is  subjected  to  attacks  to  which  the  telegraphs  in  this 
country  are  but  little  exposed.  Storms  of  lightning  destroyed 
the  galvanometer  coils,  and  hurricanes  laid  prostrate  the 
posts. 

One  of  the  peculiar  characteristics  of  the  railway  lines  in- 
tended for  India,  as  contrasted  with  the  English  lines,  is  the 
greater  distance  between  the  posts,  which  are  higher  and  stronger 
than  those  generally  used.  The  thick  wire  is  raised  to  a  height 
of  fourteen  feet,  on  posts  nearly  the  eighth  part  of  a  mile  apart. 
To  obtain  the  necessary  strength  to  bear  the  strain,  the  posts 
are  fixed  with  screw  piles.  To  show  the  strength  of  the  wires 
thus  extended,  a  rope  was,  for  experiment,  hung  to  the  centre 
of  the  wire  of  largest  span,  and  a  soldier  climbed  up  it,  the 
weight  of  his  body  producing  but  a  slight  curvature.  The 
common  deflection  arising  from  the  weight  of  a  wire  of  a  fur- 
long span  does  not  exceed  eighteen  inches. 

The  plan  adopted  for  joining  the  lengths  of  the  thick  galva- 
nised wire  is  to  have  the  two  ends  turned,  so  as  to  link  into  one 
another,  which  are  then  introduced  into  a  mould,  like  a  bullet- 
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mould,  and  an  ingot  of  zinc  being  cast  over  them,  they  form  a 
most  substantial  joint,  and  perfect  metallic  connection.  At 
first  it  was  assumed  by  the  constructors  of  the  Indian  telegraphs 
that,  from  the  general  dryness  of  the  climate  and  thickness  of 
the  wire,  on  long  single  lines  of  wire,  insulators  could  be  dis- 
pensed with;  but  after  ten  years  of  wretchedly  bad  working  on 
very  short  circuits,  an  improved  system  was  adopted,  and  a 
better  kind  of  insulation  applied  to  some  of  the  lines.  At  the 
present  time,  however,  the  internal  Indian  telegraph  is  still  one 
of  the  most  insufficient  existing. 

96.  One  of  the  objections  against  the  underground  system  of 
conducting  wires,  was,  that  while  they  offered  no  certain  gua- 
rantee against  the  accidental  occurrence  of  faulty  points  where 
their  insulation  might  be  rendered  imperfect,  and  where,  there- 
fore, the  current  would  escape  to  the  earth,  they  rendered  the 
detection  of  such  faulty  points  extremely  difficult.  To  ascer- 
tain their  position  required  a  tedious  process  of  trial  to  be  made 
from  one  testing  post  to  another,  over  an  indefinite  extent  of 
the  line. 

A  remedy  for  this  serious  inconvenience,  and  a  ready  and 
certain  method  of  ascertaining  the  exact  place  of  such  points  of 
fault  without  leaving  the  chief,  or  other  station  at  which  the 
agent  may  happen  to  be,  has  been  invented  and  patented  by  the 
Messrs.  Bright  of  the  Magnetic  Telegraph  Company. 

Instruments  called  Galvanometers,  which  will  be  more  fully 
described  hereafter,  are  constructed,  by  which  the  relative  in- 
tensity of  electric  currents  is  measured  by  their  effect  in  deflect- 
ing a  magnetic  needle  from  its  position  of  rest.  The  currents 
which  most  deflect  the  needle  have  the  greatest  strength,  and 
currents  which  equally  deflect  it  have  equal  strength. 

Electricity  always  selects  the  shortest  and  easiest  route  to  pass 
by.  A  thin  wire  offers  more  resistance  than  a  thick  wire  of  the 
same  metal,  exactly  in  the  ratio  of  the  sectional  area  of  one  to 
the  other.  Thus  a  yard  of  very  thin  copper  wire  will  offer  fifty 
times  as  much  resistance  to  the  current  as  a  yard  of  copper 
wire  fifty  times  its  sectional  area  and  weight;  therefore  one 
yard  of  the  thin  wire  will  be  an  electrical  measure  of  fifty  yards 
of  the  thicker  wire,  and  so  on. 

The  method  of  Messrs.  Bright  is  founded  upon  this  property 
of  currents.  A  fine  wire,  wrapped  with  silk  or  cotton  so  as  to 
insulate  it  and  prevent  the  lateral  escape  of  the  current,  is  rolled 
upon  a  bobbin  like  a  spool  of  cotton  used  for  needlework.  A 
considerable  length  of  fine  wire  is  thus  comprised  in  a  very 
small  bulk. 

The  wire  on  such  a  bobbin  being  connected  by  one  end  with 
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the  wire  conducting  a  current,  and  by  the  other  end  with  the 
earth,  will  transmit  the  current  with  a  certain  intensity  depend- 
ing on  its  length,  its  thickness,  and,  in  fine,  on  the  conducting 
power  of  the  metal  of  which  it  is  made. 

Now,  let  us  suppose  that  a  certain  length  of  the  far  larger 
wire  of  the  telegraphic  line  be  taken,  which  will  pass  a  current 
with  the  same  ease.  A  galvanometer  placed  in  each  circuit  will 
then  be  equally  deflected.  But  if  the  length  of  the  line  wire 
be  less  or  greater  than  the  exact  equivalent  length,  its  galva- 
nometer wi'l  be  more  or  less  deflected  by  it  than  the  other  is  by 
the  bobbin  wire,  according  as  its  length  is  less  or  greater. 

It  is,  therefore,  always  possible  by  trial  to  ascertain  the 
length  of  line  wire,  which  will  give  the  current  as  ready  a  pas- 
sage as  that  which  it  has  upon  any  proposed  bobbin  wire. 

Bobbins  may  therefore  be  evidently  made  carrying  greater  or 
less  lengths  of  wire,  equivalent  to  various  lengths  of  line  wire. 

Suppose  then  a  series  of  bobbins  provided,  which  in  this  sense 
represent  various  lengths  of  line  wire  from  100  feet  to  300  miles, 
and  let  means  be  provided  of  placing  them  in  metallic  connec- 
tion in  convenient  cases. 

Such  an  apparatus  is  the  Messrs.  Bright's  method  of  detecting 
the  points  of  fault,  patented  by  them  in  1852.  Shown  in  fig.  49. 

Let  B  be  the  station  battery,  G  a  galvanometer  upon  the  line 
wire,  F  the  point  of  fault  at  which  the  current  escapes  to  the 

Fisr.  49.  F 


earth,  in  consequence  of  an  accidental  defect  of 
the  insulation.  Let  a  wire  be  attached  to  the 
line  wire  of  the  station,  at  o,  and  let  it  be  con- 
nected with  the  first  of  a  series  of  bobbins  such 
as  are  described  above;  let  a  galvanometer, 
similar  to  G,  be  placed  upon  it  at  G'.  Let  a 
metallic  arm  A  c,  turning  on  the  point  A,  be  so 
placed  that  its  extremity  c  shall  move  over  the 
series  of  bobbins,  and  that  by  moving  it  upon 
the  centre  A,  the  end  c  may  be  placed  in  con- 
nection with  the  wire  of  any  bobbin  of  the 
series.  Let  A  be  connected  by  a  conducting 
wire  with  the  earth  at  E',  the  negative  pole  of  the  battery  B 
being  connected  with  the  earth  at  E. 

The  apparatus  being  thus  arranged,  let  us  suppose  that  the 
wire  A  c  is  placed  in  connection  with  the  first  bobbin,  repre- 
senting 10  miles  of  the  line  wire,  and  that  the  distance  G  F  of 
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the  point  of  fault  is  145  miles.  In  that  case  the  battery  current 
will  be  divided  at  o,  between  the  two  wires  o  G  and  o  G',  but 
the  chief  part  will  flow  by  the  shortest  and  easiest  route,  and 
the  galvanometer  G  will  be  very  much,  and  G  very  little,  de- 
flected. This  will  show  that  F  must  be  very  much  more  than 
10  miles  from  the  station.  The  arm  A  c  will  then  be  turned  suc- 
cessively from  bobbin  to  bobbin.  When  directed  to  the  second 
bobbin,  the  current  on  o  G'  will  have  the  same  intensity  as  if  it 
flowed  on  20  miles  of  line  wire,  when  turned  to  the  third  the  same 
as  if  it  flowed  on  30  miles  of  line  wire,  and  so  on.  The  needle 
of  G'  will,  therefore,  continue  to  be  more  deflected  than  that  of 
G,  although  the  difference  will  be  less  and  less,  as  the  number 
of  bobbins  brought  into  the  circuit  is  increased.  When  the 
bobbins  included  represent  140  miles,  G'  will  be  a  little  more, 
and  when  they  represent  150  miles  it  will  be  a  little  less  de- 
flected than  G,  from  which  it  will  be  inferred  that  the  point  of 
fault  lies  between  the  140th  and  the  150th  mile  from  the  station. 
A  closer  approximation  may  then  be  made  by  the  introduction 
of  shorter  bobbins,  and  this  process  may  be  continued  until  the 
place  of  the  fault  has  been  discovered  with  all  the  accuracy 
necessary  for  practical  purposes. 

In  testing,  only  one  magnetic  needle  is  used,  practically ;  the 
two  wires  from  o  leading  to  the  defective  conductor  and  to  the 
resistance  bobbins  (or  coils)  respectively,  are  wound  on  a  gal- 
vanometer coil  in  opposite  directions,  so  as  to  throw  the  needle 
over  in  whichever  direction  the  most  electricity  passes. 

Modifications  of  this  apparatus  are  also  employed  to  show  the 
position  of  any  contact  between  wires  interrupting  signals. 

This  method  has  been  of  the  greatest  practical  use  in  ascer- 
taining the  position  of  faults  in  the  cables  to  Holland  and  else- 
where; and  in  September,  1858,  after  the  Atlantic  cable,  be- 
tween Ireland  and  Newfoundland,  so  successfully  laid  in  the 
previous  month,  began  to  give  signs  of  impaired  insulation,  this 
system  was  adopted  to  discover  the  distance  of  the  fault.  The 
method  is  now  in  general  use,  especially  in  connection  with 
submarine  cables. 


Fig.  50. — Apparatus  employed  in  laying  early  cables. 

CHAPTER  VI. 

SUBMARINE  TELEGRAPHY. 

97.  Dover  and  Calais  experimental  cable,  1850,  and  successful  cable  of 
1851.— 98.  List  of  cables.— 99.  Dover  and  Calais.— 100.  Holyhead 
and  Howth.— 101.  Dover  and  Ostend.— 102.  Portpatrick  and  Don- 
aghadee. — 103.  Orfordness  and  Hague. — 104.  Spezzia  and  Corsica. — 
105.  Prince  Edward's  Island. — 106.  Danish. — 107.  Newfoundland 
and  Cape  Breton.— 108.  Spain  and  Balearic  Islands.— 109.  Red  Sea 
and  India. — 110.  Malta  and  Alexandria. — 111.  Durability  of  sub- 
marine cables. — 112.  Precautions  necessary  in  laying  cables. 

97.  SHEMAKHA  TELEGEAPHY  forms  a  natural  sequence  to 
the  success  attained  in  insulating  underground  wires  and  short 
river  and  dock  crossings.  When  experience  had  shown  that 
neither  contact  with  earth  nor  water  affected  the  transmission 
of  electricity  when  the  conducting  wires  were  properly  pro- 
tected, the  possibility  of  opening  up  telegraphic  communication 
across  channels  and  seas  became  evident. 

The  first  important  project  of  this  kind  was  the  connection  of 
the  coasts  of  England  and  France  by  a  submarine  cable,  depo- 
sited in  the  bed  of  the  Channel  between  Dover  and  Calais.  A 
concession  being  obtained  from  the  Prench  government  on 
certain  conditions,  a  single  conducting  wire,  invested  with  a 
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thick  coating  of  gutta-percha,  was  sunk  by  means  of  leaden 
weights  across  the  Channel,  and  the  extremities  being  put  into 
connection  with  telegraphic  instruments,  messages  were  trans- 
mitted from  coast  to  coast.  One  of  the  conditions  of  the  French 
concession  being  that  this  should  be  effected  before  September, 
1850,  this  object  was  attained,  but  nothing  more ;  for  the  frail 
rope  was  either  broken  by  fishermen,  or  the  action  of  the  waves 
near  the  shore  constancy  rubbing  the  rope  against  the  rocky 
bottom,  soon  wore  off  the  insulating  envelope  and  rendered  the 
cable  useless. 

The  experiment  so  satisfactorily  resolved  the  doubts  which 
had  been  entertained  as  to  the  possibility  of  sufficiently  insu- 
lating a  wire  for  any  considerable  length  under  water,  that  it 
was  immediately  determined  to  resort  to  means  for  the  effectual 
protection  of  the  conducting  wires  from  the  effects  of  all  the 
vicissitudes  to  which  they  would  be  exposed.  The  construction 
of  the  present  Dover  and  Calais  cable  was  accordingly  com- 
menced at  Mill  wall,  shortly  after  the  failure  of  the  experimental 
line.  The  principle  resorted  to,  suggested  by  Mr.  Kiiper,  was 
simply  that  of  a  colliery  rope,  the  outside  iron  wires  being  laid 
spirally  around  the  gutta-percha  covered  conducting  wires, 
instead  of  over  the  usual  hemp  core;  by  this  means  great 
strength  was  combined  with  an  armour  protection  for  the  insu- 
lated wires  within.  As  a  proof  of  the  value  of  the  design,  every 
subsequent  cable  that  has  proved  a  permanent  success  has  been 
formed  upon  the  plan  of  this  Dover  and  Calais  rope.  Im- 
provements have  been  introduced  into  the  details  of  many 
cables,  but  the  principle  of  spiral  wire  covering  is  always  more 
or  less  adhered  to.  The  cable  was  coiled  on  board  H.M.S. 
"Blazer"  in  September,  1851,  and  successfully  laid  under  the 
direction  of  Messrs.  Crampton  and  Wollaston,  the  engineers  of 
the  Submarine  Telegraph  Company,  an  association  formed 
under  the  auspices  of  Mr.  J.  W.  Brett  and  Sir  James  Carmi- 
chael,  to  carry  into  effect  this  enterprise,  perhaps  the  most 
important  inauguration  of  a  new  servant  of  mankind  which  the 
world  has  seen  during  the  present  century. 

Notwithstanding  the  enormous  traffic  up  and  down  Channel, 
this  cable  has  been  seldom  injured  during  upwards  of  fifteen 
years'  service,  and  has  been  easily  repaired  on  each  occasion. 
It  is  [now  (January,  1867)  in  a  perfect  state  of  insulation  as 
regards  the  whole  of  its  four  conducting  wires. 

98.  The  success  attending  the  Dover  and  Calais  cable  led  to 
the  execution  of  further  works  of  the  kind,  to  connect  up 
England  with  Ireland,  Belgium,  Holland,  Hanover,  and  Den- 
mark, and  subsequently  for  the  Mediterranean  and  other  seas 
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Fig.  51. 


Fig.  52.— Dover  and  Calais. 


and  channels.  In  all,  there  have 
been  no  less  than  seventy-four  im- 
portant cables  constructed  in  this 
country  alone,  besides  many  minor 
lengths  for  river  crossings. 

These  cables  have  been  princi- 
pally constructed  by  Messrs.  Glass, 
Elliot,  and  Co.,  of  Greenwich, 
Messrs.  E.  S.  Newall,  and  Co.,  of 
Gateshead,  and  W.  T.  Henley,  of 
North  Woolwich.  The  inner  wires 
were  insulated  at  the  Gutta  Percha 
Company's  Works  in  the  City  Eoad, 
under  the  direction  of  the  late  Mr. 
Statham  and  Mr.  Chatterton.  The 
works  of  the  Gutta  Percha  Com- 
pany have  been  recently  combined 
with  those  of  Messrs.  Glass,  Elliot, 
and  Co.,  under  the  title  of  the 
Telegraph  Construction  and  Main- 
tenance Co.,  by  whom  the  Atlantic 
Cables  of  1865  and  1866  were  made 
and  successfully  completed  last 
year  between  Ireland  and  New- 
foundland. 

The  preceding  table  (pp.  80  and 
81)  shows  at  a  glance  the  progress 
which  has  been  made  in  submarine 
telegraphy  to  the  present  time, 
January,  1867. 

99.  In  the  Dover  and  Calais 
cable,  which  was  the  first  fabri- 
cated and  laid,  each  of  the  four 
copper  wires  is  surrounded  by 
gutta-percha,  which  in  fig.  52  is  in- 
dicated by  the  light  shading  round 
the  black  central  spot,  representing 
the  section  of  the  copper  wire. 
The  four  wires  thus  prepared  were 
then  enveloped  in  the  general  mass 
of  prepared  spun  yarn,  represented 
by  the  darker  shading.  The  ten 
galvanised  iron  wires  were  then 
twisted  around  the  whole,  so  as  to 
form  a  complete  and  close  armour. 
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Fig.  53.        The  external  form  and  appearance          Fig.  55. 

of  this  helical  coating  is  represented 

in  fig.  51. 

This  cable,  which  was  completed 

in  three  weeks,  measured  originally 

24  miles  in  length.     Owing  to  the 

manner  in  which  it  was  laid  down, 

the    machinery    being     naturally 

crude  in  design,  and  the  cable  hands 

unaccustomed  to  their  work,  it  was 

found  insufficient  to  extend  from 

coast  to  coast,  although  the  direct 

distance  is  only  21  miles.     It  was 

therefore  found  necessary  to  manu- 
facture an  additional  mile  of  cable, 

which  being  spliced  on  to  the  part 

laid,  the  whole  was  completed,  and 

the  electric  communication  between 

Dover  and  Calais  definitively  estab- 
lished on  the  17th  October,  1851. 
The  cost  of  the  cable  itself  was 

9000?.,  being  at  the  rate  of  360Z. 

per  mile. 

100.  An  attempt,  which  proved  a 

failure,  was  then  made  to  connect 

Holyhead  on  the  Welsh  with  Howth 

on  the  Irish  coast.     While  several 

companies  which  had  been  formed 

for  the  purpose,  were  occupied  in 

raising  the  capital  necessary  for  this 

project,  they  were  surprised  by  the 

announcement  that  the  project  was 

already    on    the    point    of    being 

realised  by  Messrs.  Newall  and  Co. , 

on  their  own  account. 

The  distance  between  the  points 
Holyhe'ad'and  to  be  connected  being  60  miles,  the 
Deepslapart.  cable  was  made  with  a  length  of  10 

additional  miles,  to  meet  contingen- 
cies. In  this  cable,  which  enclosed  only  one  conducting  wire, 
the  external  wires  enclosing  the  insulating  rope  were  made 
thicker  at  the  parts  near  the  shores  than  for  that  which  lies,  in 
deep  water,  the  former  being  subject  to  much  greater  disturb- 
ing forces.  A  side  view  of  the  part  immersed  in  deep  water  is 
given  in  fig.  53,  and  a  cross-section  in  fig.  54.  A  side  view  of 

G  2 


Fig.  54. 


Fig.  56. 
Holyhead  and 

Howth. 
Shore  ends. 
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the  shore  ends  is  given  in  fig,  55,  and  a  cross  section  in  fig.  56, 
all  being  in  their  full  size. 

The  gutta-percha  rope  was  fabricated  by  the  Gutta  Percha 
Company,  London,  from  whence  it  was  sent  to  Gateshead,  where 
it  received  the  iron  wire  envelope  at  the  works  of  Messrs.  Newall 
and  Co.,  in  the  short  space  of  four  weeks.  Loaded  on  twenty 
waggons,  it  was  next  sent  by  railway  across  England  to  Mary- 
port,  where  it  was  embarked  on  board  the  Britannia,  and  trans- 
ported to  Holyhead.  On  the  1st  June,  1852,  it  was  laid  in  the 
bed  of  the  channel. 

The  depth  of  water  is  60  fathoms,  being  more  than  twice  that 
of  Dover. 

The  entire  process  of  laying  it  down  was  completed  in  18 
hours.  In  another  hour  the  cable  was  brought  ashore,  and  put 
in  connection  with  the  telegraphic  wires  between  Howth  and 
Dublin,  and  immediately  afterwards  London  and  Dublin  were 
connected  by  means  of  instantaneous  communication. 

This  cable  was  lighter  considerably  then  that  between  Dover 
and  Calais,  its  weight  being  a  little  less  than  one  ton  per  mile, 
and  consequently  its  total  weight  did  not  exceed  80  tons ;  while 
the  Dover  and  Calais  cable  weighing  7  tons  per  mile,  its  total 
weight  was  180  tons. 

Prom  some  cause  this  cable,  after  Ipeing  worked  for  three  days, 
became  imperfect.  Its  strength  was  wholly  miscalculated  for 
the  Irish  Channel,  where  the  tides  are  strong,  bottom  irregular, 
much  anchorage,  and  frequent  trawling.  None  but  the  heaviest 
class  of  cables  Jiave  been  found  to  answer  in  such  situations, 
but  this  attempt  must  be  regarded  in  the  light  of  an  experiment. 

On  the  9th  October,  1852,  Messrs.  Newall  and  Co.  at- 
tempted to  lay  a  cable  across  the  narrowest  part  of  the  Irish 
Channel  between  Portpatrick  and  Donaghadee  for  the  Magnetic 
Telegraph  Co.  This  cable  contained  six  conducting  wires 
similar  to  fig.  57.  The  distance  across  is  the  same  as  between 
Dover  and  Calais,  viz.,  21  miles,  and  25  miles  of  cable  were 
placed  on  board  the  Britannia  steamer.  The  process  of  sub- 
mersion was  carried  on  until  16  miles  had  been  successfully 
laid  down,  when  a  sudden  gale  came  on,  which  rendered  it  im- 
possible to  steer  the  vessel  in  the  proper  course,  and  Mr.  Newall 
was  reluctantly  compelled  to  cut  the  cable,  when  within  7  miles  of 
the  Irish  coast,  and  having  9  miles  of  cable  remaining  on  board. 

The  whole  of  this  16  miles  of  cable  was  recovered  in  June, 
1854,  after  being  nearly  two  years  submerged.  This  proved  an 
arduous  undertaking.  The  depth  of  water  in  this  part  of  the 
Irish  channel  is  150  fathoms,  or  900  feet,  and  from  this  depth 
the  cable  was  dragged  by  means  of  a  powerful  apparatus  worked 
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by  a  steam  engine  placed  on  the 
deck  of  a  steamer.  The  operation 
occupied  four  days,  for  from  the 
great  force  of  the  tide,  which  runs 
at  the  rate  of  6  miles  an  hour,  it 
was  found  impossible  to  work  except 
at  the  times  of  high  and  low  water. 
The  cable  was  also  imbedded  in 
sand,  so  that  the  strain  required  to 
drag  it  up  was  occasionally  very 
great.  The  cable  was  in  perfect 
order  when  recovered. 

101.  The  next  great  enterprise  of 
this  kind  was  the  deposition,  by 
the  Submarine  Telegraph  Company, 
in  the  bed  of  the  Channel,  of  a  like 
cable  connecting  the  coasts  of 
England  and  Belgium,  measuring 
70  miles.  This  collossal  rope  of 
metal  and  gutta-percha  was  also 
constructed  by  Messrs.  Newall. 

The  extension  of  these  extra- 
ordinary media  of  social,  commer- 
cial, and  political  communication 
between  countries  separated  by 
arms  of  the  sea,  may  be  conceived, 
when  it  is  stated  that  during  the 
past  16  years  no  less  than  19,923 
miles  of  submarine  cable  have  been 
made  and  laid  beneath  the  sea. 

The  cable  laid  between  Dover 
and  Calais  includes,  as  already 
stated,  four  conducting  wires.  That 
between  Dover  and  Ostend  contains 
six  wires  insulated  by  the  double 
covering  of  gutta-percha,  manu- 
factured, under  Mr.  S.  Statham's 
directions,  by  the  Gutta  Percha 
Company.  The  gutta-percha  laid 
into  a  rope  is  served  with  prepared 
spun-yarn,  and  covered  with  twelve 
thick  iron  wires,  of  a  united 
strength  equal  to  a  strain  of  40  to 
50  tons — more  than  the  proof  strain 
of  the  chain  cable  of  a  first  rate 
man-of-war. 


Fig.  57. 


38.— Dover  and  Ostend. 
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A  side  view  and  section  of  this  cable  in  its  natural  size  are 
given  in  figs.  57_and  58. 

The  Belgian  cable  weighed  7  tons  per  mile,  so  that  its 
total  weight  was  about  500  tons.  Its  cost  was  33,000?.  It 
took  100  days  to  make  it,  70  hours  to  coil  it  into  the  vessel 
from  which  it  was  let  down  into  the  sea,  and  18  hours  to  sub- 
merge it. 

The  cable  was  stowed  away  in  the  hold  in  an  oblong  coil  of 
considerable  length. 

On  the  morning  of  the  Wednesday,  the  4th  May,  1853,  the 
screw  steamer  William  Hutt,  Capt.  Palmer,  freighted  with  the 
cable,  being  anchored  off  Dover,  near  St.  Margaret's,  South 
Foreland,  the  process  of  laying  the  cable  was  commenced. 
This  vessel  was  attended  and  aided  by  H.M.S.  Lizard,  Capt. 
Rickets,  E.N.,  and  H.M.S.  Vivid,  Capt.  Smithett.  Capt. 
Washington,  R.N.,  was  appointed,  on  the  part  of  the  Admiralty, 
to  mark  out  the  line  and  direct  the  expedition. 

At  dawn  of  day  about  200  yards  of  the  cable  were  given  out 
from  the  Hutt,  and  were  extended  by  small  boats  to  the 
shore,  where  the  extremity  was  deposited  in  a  cave  at  the  foot 
of  the  cliff.  There  telegraphic  instruments  were  provided,'Jby 
means  of  which,  through  the  cable  itself,  a  constant  commu- 
nication with  the  vessel  was  maintained,  corresponding  tele- 
graphic instruments  being  placed  on  board  the  Hutt. 

The  arrangements  adopted  for  paying  out  these  strong  cables 
in  shallow  water  are  shown  in  fig.  50 ;  the  cable  as  it  came  up 
from  the  hold,  being  passed  several  times  round  a  large  brake- 
wheel,  by  means  of  which  the  cable  was  kept  from  going  out  too 
fast,  and  its  motion  maintained  so  as  to  be  equal  to  the  progress 
of  the  vessel.  Men  are  represented  in  the  figure  applying  the 
brake  to  the  wheel. 

On  arriving  off  Middlekerke,  on  the  Belgian  coast,  a  boat  sent 
from  shore  took  from  500  to  700  yards  of  the  cable  on  board, 
for  the  purpose  of  landing  it.  The  boats  of  the  British  vessels 
taking  her  in  tow,  the  end  of  the  cable  was  safely  landed,  and 
deposited  in  a  guard-house  of  the  Custom  House,  where  the 
telegraphic  instruments  brought  in  the  Hutt  being  erected, 
and  the  communications  made,  the  following  despatch  was 
transmitted  direct  to  London : — 

Union  of  Belgium  and  England,  twenty  minutes  before  one,  p.m. 
Qth  May,  1853. 

102.  The  next  submarine  cable  laid  in  May  1853  was  that  of 
the  Magnetic  Telegraph  Company,  connecting  Donaghadee  with 
Portpatrick,  also  manufactured  by  Messrs.  Newall  and  Co. 

This  cable,  which  contains  six  conducting  wires,  is  repre- 
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sented  in  its  proper  size  in  figs. 
59,  60,  and  corresponds  in 
weight  and  form  to  the  Belgian 
cable.  But  in  the  details  of  its 
construction  and  composition, 
some  improvements  were  intro- 
duced. This  rope  was  manu- 
factured in  24  days,  and  cost 
about  13,OOOZ. 

The  cable  laid  down  in  1854 
by  the  British  Telegraph  Com- 
pany between  the  same  points, 
is  precisely  similar  to  this. 

103.  Orfordness,  on  the  Suf- 
folk   coast,    was    subsequently 
connected  with  the  Hague,  by 
four  separate  submarine  cables, 
each  containing  a  single  wire. 
Near  the   shore   on  each   side 
these   were    brought    together 
and     twisted     into     a     heavy 
cable,    as    represented  in  figs. 
61,  62. 

The  distance  from  Orfordness 
to  the  Hague  being  120  miles, 
the  cables  were  made  135  miles 
in  length.  They  were  laid  down 
separately  at  a  little  distance 
one  from  another.  At  3|  miles 
from  the  shore  they  were 
brought  together.  It  has  been 
found,  however,  that  these  se- 
parate light  cables  are  sub- 
ject to  frequent  injury  from 
anchorage,  and  the  Electric 
Company  to  which  they  be- 
longed replaced  them  in  August, 
1858,  by  a  much  stronger  com- 
pound cable,  made  and  laid  for 
them  by  Mesrs.  Glass,  Elliot, 
and  Co.,— weight,  9  tons  per 
mile. 

104.  Following  the  submersion 
of  the  submarine  lines  enume- 
rated, a  heavy  cable  containing  Pig 


Fig.  59. 


. — Donaghadee  and  Portpatrick. 
(Magnetic  Telegraph  Company.) 
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Fig.  61. 


six  wires  was 
successfully  laid 
in  the  Mediter- 
ranean in  June, 
1854,  by  Mr. 
Brett,  from 
Spezzia,  in  Pied- 
mont, to  the 
northern  coast 
of  the  Island  of 
Corsica,  a  dis- 
tance of  100 
miles.  The  ca- 
ble was  one  si- 
milar to  that 
represented  in 
figs.  57,  58. 

In  this  expe- 
dition far  greater 
depths  of  water 
had  to  be  passed 
over  than  had 
previously  been 
attempted  with 
submarine  ca- 
bles, the  sound- 
ings at  some 
points  indicating 
450  fathoms,  or 
upwards  of  half 
a  statute  mile 
between  the 
surface  of 
water  and 
bottom. 

During 
process  of  sub- 
mersion, and 
after  it  was  be- 
lieved that  the 
deepest  sound- 
ings had  been 
safely  sur- 
mounted, the 
cable  slipped 


the 
the 

the 


Fig.  62.— Orfordness  and  the  Hague. 


Figs.  63,  64. 


. 

and  N.Brunswick. 
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upon  the  surface  of  the 
break-drum  used  to 
check  it,  and  flew  out 
from  the  vessel  with 
great  velocity,  cutting 
the  bulwarks  in  its 
passage.  As  soon  as 
the  career  of  the  cable 
had  been  stopped,  it 
was  found  that  a  por- 
tion of  the  length 
which  had  surged  over 
the  drum  was  so 
squeezed  and  flattened, 
that  its  electrical  con- 
dition was  defective. 
With  some  difficulty 
the  injured  part  was 
drawn  back  into  the 
vessel  and  repaired, 
after  which  the  re- 
mainder was  safely 
laid.  A  short  piece  of 
cable  was  extended  at 
the  same  time  between 
Corsica  and  Sardinia. 

This  line  has  con- 
tinued in  successful 
operation  ever  since  its 
completion,  thus  form- 
ing a  section  of  the 
telegraphic  communi- 
cation  established  be- 
tween Prance  and  her 
possessions  in  Algeria, 
and  between  this 
country  and  Malta  and 
Corfu. 

Two  attempts  were 
made  by  Mr.  Brett  in 
the  two  following  years 
to  connect  Cagliari  on 
the  south  coast  of  Sar- 
dinia  with  Cape  Bona 
Algeria,  but  failed 


Fig.  65. 


fig.  66.—  Great  Belt. 
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Fig.  67. 


Fig.  68.— Zuyder  Zee. 


from  the  length  of  cable  on  board 
falling  short  in  each  case.  Sound- 
ings of  nearly  two  miles  depth  had 
to  be  passed  over,  owing  to  which 
it  appears  that  one,  if  not  both,  of 
these  cables  payed  out  occasionally 
too  quickly.  In  the  latter  attempt 
the  cable  was  safely  submerged  to 
within  a  dozen  miles  of  the  African 
coast,  a  distance  of  135  miles,  when 
it  fell  short.  A  message  was  sent 
through  the  cable  to  Greenwich  for 
an  additional  length,  and  the  vessel 
held  on  by  the  cable  for  five  days, 
until  it  parted  at  last  in  500  fathoms, 
owing  to  friction  on  the  bottom. 
This  cable  weighed  four  tons  per 
mile,  and  shortly  after  starting  with 
it,  a  slip  took  place  on  the  paying- 
out  drum,  and  the  cable  broke, 
but  the  end  was  recovered  again 
after  under-running  it  for  eighteen 
miles. 

105.  The  short  submarine  cable 
laid  down  between  Prince  Edward's 
Island,  and  the  coast  of  Nova  Scotia 
(figs.  63,  64),  is  part  of  a  more  ex- 
tended submarine  line  connecting 
Newfoundland  with  Canada.     The 
other    sections    make    up  a   total 
length  of  140  miles.      The  Legis- 
lative   bodies    of    Newfoundland, 
Nova    Scotia,    and    Maine,    have 
granted  exclusive  privileges  to  the 
company  that  carries  out  these  ex- 
tensions, including  a  considerable 
grant  of  land.  These  privileges  have 
been  subsequently  combined  with 
the  Atlantic   Telegraph  undertak- 
ing,    which    is    now    worked    in 
connection  with  these  lines  from 
Newfoundland     to     Portland,     in 
Maine. 

106.  The  Danish  submarine  cable 
figs.    65,    66,  is  carried  across  the 
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Great  Belt  from  ISTyborg  to  Korsoe,  the  nearest 
point  of  the  opposite  coast  of  Zealand. 

The  cable  laid  across  the  Zuyder  Zee  is  shown 
in  its  proper  size  in  figs.  67,  68. 

Subaqueous  cables  have  been  laid  across 
several  of  the  American  rivers.  The  difficulties 
supposed  to  attend  the  deposition  and  preserva- 
tion of  these  conductors  appeared  to  telegraphic 
engineers  and  projectors  so  formidable,  that  the 
wires  were  at  first  carried  across  the  rivers  be- 
tween the  summits  of  lofty  masts  erected  on 
their  banks.  This  method,  however,  was  found 
to  be  attended  with  such  effects  as  to  render  the 
maintenance  of  the  wire  impracticable.  The 
masts  were  blown  down  by  the  violent  storms 
and  tornadoes  incidental  to  the  climate,  and 
were  not  unfrequently  destroyed  by  lightning. 

The  project  of  depositing  the  conducting  wires 
in  the  bottom  of  the  river  was  then  resorted  to, 
and  has  been  carried  into  effect  in  several  cases. 

107.  The  cable  between  Cape  Breton  and  New- 
foundland, a  distance  of  74  miles,  was  manufac- 
tured and  laid  by  Messrs.  Glass,  Elliot,  and  Co., 
during  the  summer  of  1856.  An  improvement 
was  introduced  in  the  conductor  of  this  cable, 
which  consists  of  seven  small  copper  wires 
twisted  together  into  a  strand,  with  the  view  to 
prevent  any  flaw  in  a  copper  wire  at  any  point 
stopping  the  conductivity  of  the  rest.  This 
cable,  figs.  69,  70,  formed  part  of  the  line  of 
communication  between  England  and  the  "United 
States,  during  the  temporary  working  of  the 
Atlantic  Cable  in  August  and  September,  1858. 

At  the  end  of  1857  light  single  wire  cables, 
protected  by  an  external  casing  of  small  iron 
wires,  were  laid  by  Messrs.  Newall  for  the  Medi- 
terranean Extension  Telegraph  Company,  be- 
tween Sardinia,  Malta,  and  Corfu,  and  were 
followed  by  a  line  to  the  Channel  Islands  from 
Weymouth. 

Cables  to  Emden,  in  Hanover  (280  miles),  and 
to  Heligoland,  and  thence  to  Tonning,  in  Den- 
mark (360  miles),  were  successfully  submerged 
in  October,  1858,  and  July,  1859,  respectively, 
for  the  Submarine  Telegraph  Company,  by 


Fig.  69. 
Cape  Breton 

and 
Newfoundland. 


Section  of  cable. 


92  THE  ELECTRIC  TELEGRAPH. 

Messrs.  Glass,  Elliot  and  Co.,  from  Weybourne,  in  Norfolk,  where 
the  wires  are  connected  to  the  land  lines  of  the  Magnetic  Com- 
pany. The  Hanoverian  contains  two  conducting  wires,  and 
weighs  three  tons  per  mile ;  the  Danish  three  wires,  and  weighs 
three  and  a-half  tons  per  mile. 

These  cables  have,  however,  proved  too  light  for  the  com- 
paratively shallow  water  in  which  they  are  laid  for  a  consider- 
able distance,  and  have  been  frequently  injured  by  anchors  and 
by  fishermen  when  trawling. 

The  telegraphic  intercommunication  increased 
so  rapidly  between  France  and  England,  that  in 
1859  an  additional  cable  of  great  strength,  con- 
taining six  wires,  was  laid  between  Folkestone 
and  Boulogne,  by  Messrs.  Glass  and  Elliot,  for 
the  Submarine  Telegraph  Company ;  and  again 
in  1861  another  cable,  also  containing  six  wires, 
was  laid  for  the  same  company  between  Beachy 
Head  and  Dieppe. 

108.  Other  countries  are  vieing  with  England 
in  carrying  out  submarine  works.     In  1860  the 
Spanish  Government  arranged  with  Sir  Charles 
Bright  and  Mr.  Henley  to  open  up  correspond- 
ence by  telegraph  with  Port  Mahon,  and  connect 
the  Islands  of  Majorca,  Minorca,  and  Iviza  with 
the   mainland  both  at  Barcelona  and  St.  An- 
tonio. These  cables  were  successfully  submerged 
in  very  great  depths — that  between  Barcelona 
and  Port  Mahon  being  1400  fathoms,  or  more 
than  a  mile  and  a-half. 

A  cable  240  miles  long,  containing  a  single 
conductor,  has  been  laid  by  Mr.  Henley  between 
Tasmania  and  Australia,  to  put  the  Yan 
Diemenites  en  rapport  with  their  fellow  colo- 
nists. 

109.  3500  miles  of  light  single  wire  cable  were 
.aid  in  sections,  in  1859  and  the  beginning  of 
1860,  between  Suez,  Aden,  and  Kurrachee,  by 
Messrs.  Newall,  for  the  Red  Sea  and  India  Tele- 
graph Company  ;  but  the  various  sections  broke 
down  before  they  could  be  opened  throughout  for 
public  use.      This  great  failure  is  ascribed  to 

jig.  71.  the  cable  being  much  too  fragile  in  construc- 

tion, and  laid  far  too  taut  over  an  uneven 
bottom.  The  want  of  slack  to  fill  up  the  inequalities,  and  the 
weakness  of  the  line,  made  it  give  way  shortly  after  being  laid,. 
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and  prevented  this,  the  best  telegraphic  route  to  India,  from 
being  brought  into  use.     This  cable  is  shown  in  fig.  71. 

110.  In  1861  a  cable  was  laid  for  Government  between  Malta 
and  Alexandria,  by  Messrs.  Glass  and  Elliot.  The  distance  is  1535 
miles,  and  the  line  touches  at  two  points  on  the  African  coast, 
which  are  used  when  necessary  as  transmitting  and  repeating 
stations.     This  cable  has  continued  to  work  most  satisfactorily, 
and  a  very  large  business  has  been  developed  between  Egypt 
and  various  places  in  England  and  Europe,  to  which  this  line 
gives  access.     It  was  originally  intended  by  Government  to 
form  a  connection  between  jFalmouth  and  Gibraltar,  and  was 
made  upon  a  specification  recommended  by  Sir  Charles  Bright 
to  Government  in  a  report  to  Sir  Stafford  Northcote,  in  1859. 

111.  The  history  of  submarine  telegraphy  has  been  one  of  fre- 
quent success,  but  also  of  frequent  failure,  arising  either  from 
imperfect  insulation,    cables  ill-adapted  for  the  work,  or   laid 
too  taut  over  uneven  bottoms,  or  else  through  the  paying-out 
machinery  being  inadequate  for  the  requirements  of  the  work. 
These  points  are  better  understood  now,  and  permanent  success 
takes  the  place  of  disaster. 

Some  eminent  scientific  authorities  express  doubts  as  to 
the  durability  of  the  submarine  cables.  In  the  case  of  the 
Dover  and  Calais  cable  it  has  been  observed  that  the  bottom  of 
the  Channel  at  that  part  of  the  strait  is  proved  by  the  soundings 
to  be  subject  to  undulations,  so  considerable  that  the  summits 
of  some  of  its  elevated  points  rise  to  such  a  height  that  the 
water  which  covers  them  is  not  deep  enough  to  secure  them 
from  the  effects  of  the  tumultuous  agitation  of  the  surface  in 
violent  storms.  It  is  here  well  to  remind  the  reader  that  the 
agitation  of  the  ocean,  which  seems  so  awful  in  great  tempests, 
has  been  found  to  extend  to  a  very  limited  depth,  below  which 
the  waters  are  in  a  state  of  the  most  profound  repose.  The  ob- 
jection we  now  advert  to  is,  therefore,  founded  upon  the  suppo- 
sition that  the  crests  of  some  of  the  elevations  upon  which  the 
submarine  cable  rests  are  so  raised  as  to  be  within  that  limit 
of  depth,  and  it  is  feared  that,  such  being  the  case,  the  violence 
of  the  water  in  great  tempests  may  so  move  the  cable  against 
the  ground  on  which  it  is  deposited  with  a  motion  to  and  fro,  as 
to  wear  away  by  frequent  friction  its  metallic  armour,  and  thus 
expose  the  conducting  wires  within  it  to  the  contact  of  the 
water,  and  destroy  their  insulation. 

But  it  has  been  most  satisfactorily  proved  by  a  part  of  the 
experimental  wire  which  was  laid  down  between  Dover  and 
Calais,  in  1850,  and  which  was  picked  up  two  years  afterwards 
in  as  perfect  a  state  as  when  laid  down,  that  the  action  of  the 
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waves  does  not  affect  the  bottom  of  the  Channel  there.  The 
greatest  depth  is  30  fathoms,  and  the  bottom  shelves  regularly 
from  Dover  to  near  Cape  Grinez,  where  there  is  a  ledge  of 
rocks  rising  suddenly  from  the  bottom. 

It  has  been  also  feared  that,  notwithstanding  the  effect  of  the 
galvanisation  of  the  surface  of  the  surrounding  wires,  the  -cor- 
rosive action  of  the  sea  water  may  in  time  destroy  them ;  and  it 
has  been  suggested  that  some  better  expedient  for  protection 
against  this  effect  might  be  contrived  upon  the  principle  sug- 
gested by  Davy,  for  the  preservation  of  the  copper  sheathing  of 
ships,  by  investing  the  cable  at  certain  intervals  with  a  thick 
coating  or  glove  of  zinc,  which  would  increase  the  efficiency  of 
the  thinner  coating  of  that  metal  given  to  it  in  the  process  of 
galvanisation. 

To  this  practical  men  who  have  had  as  much  experience  as  is 
compatible  with  the  recent  date  of  these  novel  and  extraordinary 
enterprises,  reply  that  the  results  of  their  observations  give  no 
ground  for  apprehension  of  any  injurious  effects  from  tidal  or 
tempestuous  action,  and  that  the  fine  iron  used  in  the  wire  is 
not  affected  by  sea-water,  as  larger  masses  of  coarser  iron,  such 
as  anchors,  are.  They  cite  as  proof  of  this,  the  slightly  decayed 
state  in  which  nails  and  small  fire-arms  have  been  found  when 
recovered  from  vessels  long  sunk.  They  further  state  that  the 
tar  contained  in  the  layer  of  hemp  within  the  protecting  wires 
acts  as  a  preservative,  whether  the  wires  be  galvanised  or  not. 
It  has  been  found  for  example  that,  in  the  case  of  the  sub- 
marine conductor  between  Donaghadee  and  Portpatrick,  a  per- 
fect concrete  of  tar  and  sand  was  formed,  upon  which  masses  of 
shell-fish  attached  themselves  at  all  parts  that  are  not  buried  in 
sand,  and  in  a  few  years  a  calcareous  deposit  was  formed  around 
it,  which  cemented  it  to  the  bottom,  and  altogether  intercepted 
the  action  of  the  sea  water. 

112.  In  the  deposition  of  submarine  cables  great  care  should 
be  taken  to  select  suitable  points  on  the  shore  for  beaching 
them.  Sandy  places  are  always  to  be  sought.  If  this  precau- 
tion be  taken,  it  is  affirmed  that  they  are  not  subject  to  tidal 
action  in  shallow  water.  A  cable  was  partly  laid  for  the  Mag- 
netic Telegraph  Company  in  1852  near  Portpatrick  (100),  but 
abandoned  in  consequence  of  the  vessel  employed  to  deposit 
it  being  exposed  in  the  process  to  a  violent  storm.  The  wire 
was  left  exposed  upon  the  beach  down  to  and  beyond  low  water 
mark,  and  was  in  June,  1854,  still  in  a  perfect  state,  the  galva- 
nised iron  wires,  even  to  their  zinc  coating,  being  absolutely  in 
the  same  state  as  when  they  were  deposited. 

It  is  contended  by  practical  men  that  the  great  and  only 
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risk  of  failure  in  the  submarine  cables  is  from  defects  produced 
in  the  process  of  their  deposition,  or  from  original  faults  in  the 
principle  of  their  construction. 

The  greatest  care  is  necessary  in  conducting  the  process  of 
delivering  out  the  cable  into  the  sea,  or  "paying  it  out,"  as  it 
is  technically  called.  All  sudden  bending  of  the  cable  is  to  be 
especially  avoided.  "  Kinks  "  or  "  hitches  "  were  apt  to  occur 
in  the  process,  by  which  the  gutta-percha  covered  wires  within 
the  cable  become  strained.  Some  of  the  early  cables  are  found, 
when  repairs  are  made  at  various  points,  to  have  had  many 
serious  kinks  during  laying ;  but  by  the  apparatus  now  used  in 
the  holds  of  vessels  paying  out  cables,  such  injuries  are  guarded 
against. 

It  is  said  that  the  Belgian  cable  has  been  subject  to  some 
imperfection  arising  from  the  position  of  the  wires  within  the 
case.  The  sixth  wire  being  in  the  axis  of  the  cable,  surrounded 
by  the  other  five,  it  was  found  that  when  the  outer  casing  of  the 
protecting  wires  was  laid  around  it,  the  pressure  on  the  centre 
wire  rendered  it  imperfect,  while  the  five  surrounding  it  suf- 
fered to  some  extent. 

Similar  defects  are  said  to  exist  in  other  cables  constructed 
upon  the  same  principle. 

A  hempen  case  well  tarred  in  the  centre  is  considered  to  form 
the  best  safeguard  for  the  gutta-percha  covered  wires  in  the 
process  of  making  the  cable,  since  it  will  yield  to  any  compres- 
sion itself  without  affecting  injuriously  the  wire.  It  is  also 
found  desirable  to  give  the  outer  wires  a  wrapping  of  hemp 
saturated  with  a  compound  of  pitch  and  tar,  or  other  preserva- 
tive material,  to  prevent  rusting. 

The  results  shown  by  the  tables  on  pages  80  and  81,  may  be 
thus  summed  up  : — 

The  total  length  of  submarine  cables  (exclusive  of  short 
lengths  for  river  crossings)  laid  during  the  16^  years  between 
June,  1850,  and  the  end  of  1866,  amounted  to  19,923  miles  of 
cable,  containing  25,653  miles  of  conducting  wire — many  being 
multiple,  with  three,  four,  or  six  conductors. 

Of  this  vast  length,  no  less  than  9,303  miles  of  cable,  or 
nearly  one-half  of  the  whole,  and  comprising  10,146  miles  of 
conducting  wire,  have  failed,  and  been  abandoned.  The  Atlan- 
tic cable  of  1858,  and  the  Red  Sea  and  India  line  of  1859-60, 
contributed  5,709  miles  of  this  loss  between  them. 

The  entire  capital  that  has  been  invested,  up  to  the  present 
time,  in  making  and  laying  the  74  submarine  cables  enume- 
rated, amounts  to  about  5,500,OOOZ. ;  of  which  23  cables, 
representing  2,200,000/.,  have  been  lost.  The  first  Atlantic 
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cable  anfl  the  Red  Sea  line  made  up  1,250,000?.  of  this  disastrous 
total. 

If  the  list  be  referred  to,  it  will  be  seen  that  the  costly  expe- 
rience thus  purchased  has  been  derived  from  the  failure  of  a 
series  of  very  light  and  weak  cables;  insufficient  either  in 
strength  or  insulation  for  the  positions  in  which  they  were 
placed,  or  the  work  required  of  them. 

On  the  other  hand,  the  strong  well-protected  cables  all  last ; 
and  their  comparative  durability,  as  contrasted  with  their 
frailer  brethren  cords,  may  be  estimated  from  the  fact  that, 
without  any  exception,  all  the  strongly-armoured  ropes  ex- 
ceeding four  tons  weight  per  mile  are  still  working,  including 
no  less  than  nine  laid  between  1851  and  the  end  of  1854 ;  while 
•every  light  cable  laid  up  to  1859  has  already  given  way. 


Fig.  72.— The  Indo-European  Telegraph :  landing  the  Cable  in  the  mud  at  Fao, 
Persian  Gulf.— (From  the  Illustrated  News.) 


CHAPTER  VII. 

THE   TELEGRAPH  TO  INDIA. 

113.  Failure  of  the  Red  Sea  line  laid  in  1859-1860,  and  survey  of  the 
Persian  Gulf. — 114.  Description  of  improved  cable  designed  by  Sir  C. 
Bright  and  Mr.  L.  Clark. — 115.  Searching  tests  applied  to  the  gutta- 
percha  wire  and  joints  by  accumulation. — 116.  Protection  of  iron 
sheathing  by  yarn  and  a  silica  composition. — 117.  Laying  the  cable  ; 
difficulties  surmounted. — 118.  Bad  working  of  the  land  lines  in  con- 
nection with  the  cable. — 119.  Proposed  extension  to  China  and 
Australia. 

113.  THE  crowning  achievements  of  telegraphy  may  fairly  be 
said  to  consist  in  the  connection  of  Great  Britain  on  the  one 
hand  with  her  vast  Indian  Empire,  and  on  the  other  with  the 
American  continent. 

The  latter,  and  greatest,  work  will  be  reserved  for  the  two  next 
chapters,  concluding  the  present  record  of  submarine  enterprise. 

Political,  apart  from  commercial,  necessity  rendered  it  im- 
perative that  the  governments  in  England  and  India  should  be 
brought  within  the  shortest  possible  period  of  communication 
with  one  another.  It  was  felt,  especially  after  the  Indian 
mutiny,  that  in  this  era  of  the  telegraph  the  countries  could 
never  be  allowed  to  be  separated  by  thirty  days  of  postal  service, 
when  by  the  agency  of  the  wires  but  a  few  hours  need  divide 
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tliem.  Had  electric  communication  existed  at  the  time  of  the 
outbreak,  it  would  have  been  quelled  far  more  speedily,  and 
priceless  lives  saved;  if,  indeed,  the  knowledge  among  the 
Sepoys  of  the  existence  of  this  speedy  means  of  summoning  aid 
had  not  wholly  or  partially  sufficed  to  deter  them  from  their 
rising. 

With  the  view  of  establishing  this  communication,  Govern- 
ment warmly  supported  and  subsidised  a  company  formed  in 
1858,  to  lay  cables  along  the  Eed  Sea  and  the  southern  shores 
of  Arabia,  between  Suez,  Aden,  and  Kurrachee.  The  failure  of 
the  attempt  to  establish  the  telegraph  by  this  route  will  be 
fresh  in  the  memory  of  all  who  have  paid  attention  to  the  pro- 
gress of  the  electric  lines.  Sheathed  with  a  covering  of  ex- 
tremely slight  wires  quite  unprotected  from  corrosion,  the 
various  sections  of  cable  were  laid  by  Messrs.  Newall  with, 
apparently,  little  or  no  allowance  for  slack,  and  consequently 
so  taut  as  to  hang  from  point  to  point  along  the  coral  reefs  and 
inequalities  of  the  bottom.  No  sufficient  care  seems  to  have 
been  exercised  even  in  the  selection  of  the  route  along  the  Eed 
Sea ;  and  consequently  the  cable  gave  way,  and  became  defec- 
tive at  various  points  within  a  few  weeks  of  the  laying  of  each 
section;  thus  the  line,  after  costing  about  800,000?.  was  never 
available  throughout. 

Baffled  in  their  object  of  effecting  communication  by  this  line, 
and  discouraged  by  the  heavy  annual  loss  under  the  guarantee 
given  upon  the  capital,  our  government  deferred  for  a  few  years 
further  movement  in  the  matter.  While  the  Eed  Sea  line  was 
in  course  of  construction,  the  Turkish  Government  were  busily 
engaged  in  erecting  their  telegraph  from  Constantinople  across 
Asia  Minor  to  Diarbekr,  and  thence  by  Mosul,  the  ancient 
Nineveh,  to  Bagdad.  This  line,  and  its  extension  to  the  Persian 
Gulf,  had  been  urged  for  a  long  time  by  her  Majesty's  Govern- 
ment, who  appreciated  the  importance  of  two  distinct  telegraphs 
to  India.  Upon  the  Bagdad  wire  being  finished  the  late  Colonel 
Patrick  Stewart,  E.E.,  was  requested  by  the  Indian  Govern- 
ment, in  1861,  to  survey  the  coast  of  the  Persian  Gulf  for  an 
overground  telegraph  along  its  shores,  to  connect  the  Indian 
and  Turkish  telegraphs.  Mr.  Latimer  Clark,  C.E.,  at  the 
same  time  made  a  careful  examination  as  to  the  state  of  the 
cable  between  Suez,  Aden,  and  Kurrachee. 

The  result  of  Mr.  Clark's  investigation  showed  the  impossi- 
bility of  restoring  the  Eed  Sea  and  Arabian  line,  and  Colonel 
Stewart  reported  against  the  reliability  of  a  land  line  along  the 
coast  of  the  gulf. 

1 14.  Special  soundings  were  made  along  the  Persian  Gulf,  and 
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the  bottom  being  favourable  for  a  cable,  Government  resolved  to 
lay  one  of  great  strength  and  durability,  to  be  constructed  upon 
a  plan  designed  by  Sir  Charles  Bright  and  Mr.  Clark,  and 
appointed  them  engineers  to  the  work. 

The  total  length  of  cable  required  was  1450  miles,  weighing 
no  less  than  5028  tons,  forming  by  far  the  heaviest  length  ever 
carried  by  a  submarine  telegraph  expedition.  The  following 
description  of  the  manufacture  of  the  cable  will  give  an  idea  of 
the  improvements  introduced.  We  will  first  deal  with  the  core. 
The  copper  conducting  wire  weighed  225  Ibs.  per  mile,  and  was 
built  up  of  four  segmental  bars  put  within  a  hollow  tube  about 
12  feet  long  and  an  inch  in  diameter,  and  the  whole  rolled  and 
drawn  down  together  into  a  wire  of  the  requisite  size,  appa- 
rently solid,  though  in  reality  multiple  in  construction,  and 
consisting  of  five  distinct  pieces.  By  this  device  the  mechanical 
benefits  of  a  strand  wire  were  combined  with  the  small  surface 
and  electrical  advantages  of  a  solid  one,  which  admits  of  a 
higher  speed  of  conveying  messages  than  the  stranded  form  of 
conductor.  This  is  shown  in  fig.  73. 

The  copper  selected  to  form  the  conductor,  so  built  up,  was 
specially  tested  and  chosen  for  its  high 
capacity  of  conducting  electricity.  The 
importance  of  this  will  be  recognised,  as 
it  is  proved  that  samples  of  copper  some- 
times vary  in  conductivity  as  much  as  40 
or  50  per  cent,  from  one  another;  that 
is,  some  specimens  will  carry  electricity 
with  as  great  facility  as  others  of  double 
the  thickness,  though  physically  there 
may  be  nothing  to  show  the  difference.  Fig.  73.— Diagram  of  built- 

In  testing  the  conductivity,  the  resist-  ^ese0f ™S£  gSfSffi? 
ance  of  the  copper  was  determined  by 

means  of  a  Wheatstone's  electrical  balance.  The  standard  being 
pure  galvano-plastic  copper  at  100,  the  lowest  conductivity  of 
any  of  the  copper  to  be  passed  was  fixed  at  76,  and  an  extra 
price  being  paid  for  copper  of  a  still  better  electrical  quality,  the 
mean  conductivity  of  the  copper  employed  was  actually  89 '14. 
In  many  of  the  older  submarine  cables  laid  before  this  point 
had  received  attention,  the  conductivity  was  even  as  low  as  30 
to  40. 

The  wire  thus  prepared  and  built  up  was  then  covered  by  the 
Gutta-Percha  Company  with  four  separate  coatings  of  selected 
gutta-percha,  having  alternate  layers  of  Mr.  Chatterton's  viscid 
compound  between  each  coating  and  next  the  wire,  so  as  to  insure 
thorough  adhesion,  and  the  total  exclusion  of  air  or  any  film  of 
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moist  are  between  them.     The  weight  of  gutta-percha  applied 
was  275  Ibs.  to  the  nautical  mile. 

1 15.  To  ensure  the  highest  perfection  in  the  joints  of  the  various 
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Fig.  74.— Joint  testing  by  accumulation. 

lengths  of  gutta-percha  covered  wire  used,  a  plan  of  testing 
was  adopted  at  the  suggestion  of  Mr.  Clark,  which  will  be 
readily  understood  by  reference  to  fig.  74. 

A  gutta-percha  trough,  about  18  inches  long  and  1  foot  deep, 
containing  water,  is  insulated  from  the  ground  by  four  legs  of 
vulcanised  india-rubber,  or  preferably,  by  suspending  it  from 
the  ceiling  by  gutta-percha  cords.  The  joint  under  examina- 
tion is  immersed  in  the  water,  and  a  battery  of  high  tension  (A) 
is  connected  to  the  copper  conducting  wire  for  five  minutes, 
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and  all  the  electricity  tliat  escapes  tlirougli  the  immersed  joint 
during  this  time,  passes  into  the  insulated  tank  of  water.  To 
increase  the  capacity  of  the  tank  for  storing  up  electricity,  it  is 
connected  with  an  electrical  condenser  (B),  consisting  of  a  great 
number  of  talc  plates,  coated  on  both  sides  with  tinfoil,  and 
having  the  same  electro-static  capacity  as  one  mile  of  the  cable. 
The  escaping  electricity  accumulates  in  the  condenser  for  the 
given  time,  and  is  then  suddenly  discharged  through  a  delicate, 
suspended  needle  galvanometer  (c),  and  the  number  of  degrees 
of  the  deflection  furnishes  an  exact  measure  of  the  quantity 
of  electricity  passed  through  the  insulator  at  the  joint.  In 
testing  the  joints  of  the  Persian  Gulf  cable  by  this  system, 
every  joint  was  rejected  and  cut  out  whenever  it  gave  less 
resistance  than  40  feet  of  the  core.  Newly-made  joints  were 
found,  almost  invariably,  to  test  perfectly ;  and  it  was  only 
after,  at  least,  twenty-four  hours'  immersion  that  a  reliable 
test  could  be  taken. 

The  joints  made  in  the  insulating  material  during  manu- 
facture, and  in  the  finished  core,  have  always  been  the  subject 
of  considerable  anxiety  to  those  engaged  in  the  supervision  of 
submarine  telegraphs.  It  is  essential  for  every  atom  of  the 
wire  submerged  to  be  thoroughly  protected,  and  although  the 
loss  on  a  single  joint  may  be  so  small  as  hardly  to  affect  the 
tests  obtained  upon  a  considerable  length,  yet  dearly-bought 
experience  has  shown,  that  the  slightest  defect  may  contain 
within  it  the  seeds  of  a  serious  fault  hereafter.  The  advantage 
of  this  system  of  testing  will  be  apparent  from  the  fact,  that  no 
less  than  thirty  defective  joints  were  rejected  and  replaced. 

Throughout  the  manufacture  of  this  cable  the  most  searching 
tests  were  applied  to  the  gutta-percha  covering,  and  its  wonder- 
ful excellence  is  shown  from  the  fact,  that  the  loss  by  leakage 
does  not  exceed  one  hundred  millionth  part  of  the  current  of 
electricity  passing  along  the  connecting  wire  in  every  nautical 
mile.  This  was  a  degree  of  insulation  wholly  unprecedented. 

The  outer  sheath  was  put  upon  the  core  at  Mr.  Henley's 
factory,  North  Woolwich.  A  wet  hemp  serving  was  first  wrapped 
round  the  gutta-percha  wire,  and  12  iron  wires  then  laid  over 
in  the  usual  way,  the  hemp  being  moistened  with  the  view  of 
rendering  any  fault  in  the  gutta-percha  conspicuous  to  the 
continuous  electrical  tests  maintained. 

116.  Two  layers  of  yarn  were  then  wound  in  opposite  direc- 
tions over  the  iron  wires,  being  first  saturated  with  a  mixture  of 
mineral  pitch,  Stockholm  tar,  and  finely  ground  silica  powder. 
This  bituminous  compound  was  applied  in  a  melted  state ;  and 
while  yet  plastic,  the  outer  coating  was  compressed  by  powerful 
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grooved  rollers,  so  as  to  form  the 
whole  into  a  smooth  black  rope  com- 
bining flexibility  with  hardness,  as 
shown  in  fig.  75. 

While  the  outer  iron  armour  was 
thus  effectually  protected  from  corro- 
sion, the  real  destroyer  of  submarine 
cables,  the  hemp  covering  was  at  the 
same  time  preserved  from  tropical 
animalcule,  by  which  it  would  be 
otherwise  destroyed.  Even  the  bor- 
ing-tool of  the  teredo  would  recoil 
from  the  atoms  of  silica  it  would  meet 
with  upon  any  attempt  at  penetration. 

The  weight  of  the  cable  thus  formed 
was  nearly  four  tons  per  mile ;  but 
special  shore  ends  of  a  more  massive 
construction  were  also  provided,  weigh- 
ing ten  tons  per  mile. 

Sir  Charles  Bright  undertook  the  per- 
sonal control  of  the  laying  expedition, 
and  the  cable  was  conveyed  to  its  des- 
tination by  five  vessels  of  large  ton- 
nage, the  Assaye,  Tweed,  Marian  Mowe, 
Kirlcham,  and  Cospatrick,  assisted  by  a 
steamer,  the  Amber  Witch. — the  latter 
being  purchased  for  permanent  service 
on  the  line,  for  repairing  the  cable  in 
case  of  need,  and  for  carrying  stores 
and  exchanging  the  staff  between  the 
stations.  Each  ship  was  provided  with 
three  iron  tanks  to  hold  the  cable, 
which  was  kept  constantly  covered 
with  water  till  passed  into  the  Gulf. 

117.  The  cable  was  safely  laid  in  four 
sections:  viz.,  Kurrachee  to  Gwadur, 
Gwadur  to  Mussendom,  Mussendom 
to  Bushire,  Bushire  to  Fao. 

The  route  selected  in  the  Gulf,  and 
across  its  entrance,  had  an  exceedingly 
regular  bottom;  but  on  the  Mekran 
coast,  and  especially  between  Kurra- 
chee  and  Gwadur,  it  was  by  no  means 

Fig.  To.— Side  view  and  section  * 

of  the  Persian  Gulf  cable ;       SO  good. 

The   submersion  of  the  cable  was 


actual  size. 
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commenced  on  the  4th  of  February,  1864,  by  Sir  Charles  Bright 
and  his  staff,  Messrs.  Laws,  Webb,  Woods,  Alexander,  and 
Mosely.  Colonel  Stewart  led  the  expedition  in  the  Coromandel. 
Nothing  could  exceed  the  perfect  regularity  with  which  the 
arrangements  acted.  The  cable  uncoiled  itself  with  perfect 
freedom,  and  the  laying  of  the  different  sections  was  completed 
on  the  5th  April.  Her  Majesty's  steamers  Zenobia  and  Semi- 
ramis  successively  took  in  tow  the  cable  ships  during  the 
paying  out;  and  the  difficulties  x>f  communicating  between  the 
steamers  and  sailing  vessels  in  tow,  were  overcome  by  signalling 
the  ordinary  Morse  telegraph  alphabet  with  a  bull's-eye  lamp; 
the  shutter  of  which  was  fixed  to  a  small  lever,  by  which  the 
duration  of  time  the  light  was  exposed  could  be  varied  at  plea- 
sure, and  rapidly  made  to  represent  letters  and  words.  By  this 
plan  messages  were  passed  by  flashes  of  light  between  the 
steamer  and  ship  in  tow,  at  the  rate  of  twenty  words  per 
minute.  The  cable  was  paid  out  at  the  rate  of  from  5^  to 
6  knots  per  hour,  just  sufficiently  in  excess  of  the  rate  of  the 
ships  to  allow  it  to  accommodate  itself  to  the  inequalities  of  the 
bottom. 

Considerable  difficulty  occurred  in  landing  the  shore-end  of 
the  cable  at  Fao,  and  connecting  it  with  the  floating  station 
moored  off  the  entrance  to  the  Tigris,  owing  to  the  shallowness 
of  the  water  and  extent  of  deep  mud-banks.  This  part  of  the 
work  has  been  thus  described*: — "  About  five  miles  of  cable, 
weighing  some  20  tons,  were  distributed  among  ten  of  the 
largest  boats  belonging  to  the  fleet.  When  about  four  miles 
had  been  payed  out  the  boats  grounded.  Though  there  was  very 
little  water,  there  was  a  great  depth  of  mud  of  about  the  con- 
sistency of  cream.  There  was  no  use  in  hesitation,  the  cable 
must  be  landed  at  any  risk ;  so  Sir  Charles  Bright  set  an 
example  to  his  staff  and  the  men,  and  was  the  first  to  get  out  of 
the  boat  and  stand  up  to  his  waist  in  the  mud ;  an  example 
which  was  followed  by  all  the  officers  and  men,  upwards  of  a 
hundred  in  number,  who  were  all  soon  wallowing  in  the  soft 
yielding  slush  up  to  their  chests,  but  still  dragging  the  end  of 
the  cable  with  them.  The  progress  through  such  a  material 
was  necessarily  slow — half-swimming,  half- wading;  it  was 
impossible  to  rest  for  a  moment  without  hopelessly  sinking 
below  the  surface,  yet  no  one  thought  of  abandoning  the  cable. 
Though  it  was  only  two  o'clock  when  the  party  left  the  boats, 
it  was  nearly  dark  before  the  last  reached  the  shore.  All  were 
grimed  with  mud,  and  nineteen  out  of  twenty  were  nearly 

*  Times.     Account  of  the  Indian  Telegraph. 
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naked,  having  left  or  abandoned  almost  every  article  of  clothing 
in  the  effort  to  reach  the  shore;  but  in  spite  of  obstacles  the 
cable  had  been  landed.  The  troubles  of  the  landing  party  were 
not  yet  over,  for  it  was  found  that  the  ships  of  the  expedition, 
which  were  waiting  to  receive  them  in  the  Tigris,  were  lying  at 
the  other  side  of  a  mud-bank,  only  a  little  less  fluid  than  that 
which  had  just  been  passed,  and  four  miles  in  extent.  To 
make  matters  better,  a  thunderstorm,  truly  tropical  in  its 
violence,  was  raging ;  and  the  tide,  which  washes  the  banks,  was 
rapidly  rising.  The  party,  however,  made  a  dash  for  it,  and  all 
succeeded  in  reaching  the  ships,  with  the  exception  of  one  of 
the  lascars,  who  was  overwhelmed  by  the  mud  and  tide,  and 
sank  before  assistance  could  be  afforded.  The  remainder  were 
much  exhausted,  some  few  so  much  so,  that  they  had  to  be 
carried  by  their  companions." 

It  was  expected  that  the  Turkish  line  from  Bagdad  to  Fao, 
at  the  head  of  the  Persian  Gulf,  would  have  been  completed 
simultaneously  with  the  cable,  but  a  considerable  part  of  the 
broad  tract  of  country,  400  miles  in  extent,  intervening  be- 
tween the  ancient  city  of  the  Caliphs  and  the  miserable  village 
of  Shat-el-Arab  at  the  junction  between  the  Tigris  and 
Euphrates,  is  inhabited  by  predatory  tribes  of  Arabs,  inces- 
santly quarrelling  one  with  another  and  mutually  defying  the 
Turks,  their  nominal  masters.  Backsliish,  in  the  shape  of 
subsidy  or  black-mail,  was  the  only  way  to  quiet  these  rapa- 
cious vagabonds ;  but  it  was  not  until  the  commencement  of 
1865  that  their  state  of  chronic  revolt  could  be  put  an  end  to, 
and  the  line  completed.  In  February,  1865,  a  telegram  was 
received  in  London  from  Kurrachee  in  8-|  hours,  and  the  com- 
munication was  then  opened  to  the  public,  and  has  since 
continued. 

AJthough  the  connecting  wires  through  Turkey,  and  between 
Kurrachee  and  the  main  Indian  lines  at  Bombay  are  very 
badly  managed,  the  cable  has  proved  a  commercial  success, 
yielding,  at  present,  over  100,000^.  per  annum  upon  its  cost  of 
about  400, OOO/.,  and  there  is  no  doubt  this  revenue  would  be 
very  greatly  increased  if  the  connecting  lines  were  better 
worked ;  for  while  the  average  time  occupied  in  transmitting 
messages  between  Kurrachee  and  Fao  over  the  four  sections  of 
the  cable  is  only  three  hours,  the  messages  between  India  and 
England  frequently  occupy  many  days  in  transit  over  the  land 
lines.  This  is  partly  due  to  the  utterly  inefficient  staff  of  half- 
castes  employed  in  India  by  the  Government ;  and  partly  to  the 
carelessness  and  indolence  of  the  Turks,  who  frequently  allow 
their  wires  to  be  out  of  order  for  many  days  together ;  and  of 
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whose  apathy  we  may  judge,  when  it  is  stated  that  frequently 
messages  have  been  so  changed  in  their  order  of  transmission, 
that  those  sent  days  after  others  have  yet  arrived  first ;  pro- 
bably from  being  filed  as  they  arrived  one  after  another  at  some 
intermediate  station,  and  then,  when  sufficiently  accumulated, 
sent  on,  taking  those  at  the  top  first ;  thus  utterly  changing  the 
order  of  transmission,  and  making  the  last  message  arrive  first 
at  its  destination. 

118.  Endeavours  have  been  made  to  arrange  for  through 
Turkish  wires  worked  by  English  operators;  but  so  jealous 
are  the  Sultan's  Government  of  interference,  that  they  will  not 
sanction  this  necessary  reform. 

To  obviate  so  serious  an  impediment  to  prompt  and  accurate 
communication,  it  is  now  proposed  to  carry  a  second  line  from 
England,  by  direct  submarine  cable  to  Gibraltar  and  Malta,  to 
connect  up  the  Malta  and  Alexandrian  cable  and  Egyptian 
lines.  Thence  by  a  cable  to  Aden  and  Bombay,  so  as  to 
avoid  the  delays  and  errors  arising  from  transmission  at  the 
hands  of  those  working  the  present  land  route,  comprising  half- 
educated  half-castes,  Turks,  Austrians,  &c.,  who  all  combine  in 
mutilating  and  mangling  the  plain  English  of  our  messages. 

The  subject  was  considered  of  such  importance,  that  it  was 
referred  to  a  special  committee  of  the  House  of  Commons  in 
1866,  consisting  of  Lord  Stanley,  Sir  Charles  Bright,  Sir  H. 
Eawlinson,  Mr.  Crawford,  Mr.  Ayrton,  and  others ;  by  whom  a 
report  to  the  following  effect  was  made  : — 

"  There  exist  at  the  present  time  two  systems  of  telegraphy 
between  England  and  our  Indian  possessions.  One,  commonly 
called  the  Turkish  route,  passes  through  Yienna  and  Wallachia 
or  Servia  to  Constantinople,  or  reaches  the  latter  city  by  way 
of  Turin,  across  the  Adriatic  at  Avlona,  and  along  the  shores  of 
the  sea  of  Marmora.  Having  reached  Constantinople,  it  is 
forwarded  through  Asiatic  Turkey  to  Bagdad,  and  thence  to 
Eao,  where  it  is  received  by  British  officers  for  despatch  to 
Kurrachee,  or  by  way  of  Teheran  to  Bushire,  where  it  again 
falls  in  with  the  main  line,  and  is  then  exclusively  under  the 
control  of  the  Government  of  India.  A  message  by  this  route 
may  be  dealt  with  by  no  less  than  ten  administrations  before 
passing  into  British  hands.  A  large  mass  of  evidence  goes  to 
prove  that  the  vexatious  delays  constantly  occurring  on  this 
line  are  mainly  due  to  the  Turkish  officials,  who  not  only 
neglect  to  keep  any  wire,  or  system  of  wires  exclusively  for 
Anglo-Indian  use,  under  the  terms  of  the  Indo-Ottoman  Con- 
vention, but  fail  egregiously  in  the  prompt  performance  of  their 
ordinary  clerical  duties. 


106  THE  ELECTRIC  TELEGRAPH. 

"  The  other  available  system,  called  the]  Russian  route,  passes 
through  Berlin,  via  the  Hague,  thence  into  Eussia  through 
Tiflis  to  Julpha,  on  the  Arras,  and  so  over  the  Persian  system 
to  Bushire.  These  two  systems  of  telegraphic  communication 
are  distinct  as  far  as  the  head  of  the  Persian  Gulf,  but  inter- 
communication may  be  altogether  suspended  by  the  occurrence 
of  any  accident  to  the  submarine  cable  between  this  point  and 
Kurrachee.  The  Russian  system  appears  to  work  well  as  far  as 
the  eastern  frontier  of  that  country,  but  fails  in  its  entirety  from 
the  imperfect  arrangements  of  the  Persian  service  between 
Julpha  and  Teheran.  A  report  submitted  by  Colonel  Gold- 
schmidt,  in  November,  1865,  recommends  that  such  part  of  the 
Anglo-Indian  system  as  passes  through  the  Ottoman  Empire 
should  be  placed  in  the  hands  of  Englishmen,  making  the 
principal  stations  at  once  Anglo-Ottoman,  as  at  Eao.  This 
plan,  however,  is  inadmissible,  for  political  reasons.  The  com- 
mittee have  therefore  recommended  that  means  should  be 
adopted  for  facilitating  the  use  of  the  Persian  system  with 
Europe,  so  as  to  bring  the  Russian  route  under  efficient 
control ;  that  to  avoid  future  accidents,  the  Persian  Gulf  cable 
should  be  doubled,  or,  by  arrangements  with  the  Persian 
Government,  that  land  wires  should  be  instituted  between 
Ispahan  and  Kurrachee.  That  the  scheme  of  establishing  a 
direct  communication  between  Alexandria  and  Bombay,  by 
way  of  Aden,  is  especially  worthy  of  consideration,  and  should 
receive  all  possible  aid  from  her  Majesty's  Government,  as  thus 
establishing  a  route  under  one  management  and  responsibility. 
The  committee  also  urge  upon  the  Indian  authorities  the  abso- 
lute necessity  of  improving  their  internal  arrangements,  so  as 
to  remove  all  risk  of  delay  in  the  transmission  of  messages  from 
Kurrachee  to  the  interior." 

119.  The  extension  of  the  telegraph  to  Australia  and  China 
must  speedily  follow  upon  the  communication  between  India 
and  Europe.  The  telegraph  is  at  present  constructed  as  far  east  as 
Rangoon,  from  which  there  is  no  difficulty  in  selecting  a  cable 
route  with  a  favourable  bottom  at  a  short  distance  from  the 
coast  to  Singapore.  Between  Singapore  and  Hong  Kong  a 
cable  can  be  readily  carried  in  shallow  water,  touching  at 
Saigon ;  or  the  connection  with  China  may  be  effected  by  cross- 
ing the  peninsula  and  laying  a  cable  across  the  Gulf  of  Siani. 

To  effect  the  same  object  a  land  line  of  telegraph  has  also  been 
warmly  advocated  by  Captain  Sprye,  from  Rangoon  through 
Birmah  and  Western  China  ;  but  in  uncivilised  countries  com- 
munication by  the  aid  of  submarine  cables,  wherever  practi- 
cable, is  found  far  more  reliable. 
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Proceeding  southwards  from  Singapore  towards  Australia, 
the  first  section  to  Java  can  be  laid  in  shallow  water ;  and  as  a 
land  line  of  telegraph  has  already  been  constructed  by  the 
Dutch  Government  throughout  Java,  a  cable  may  be  extended 
from  the  south-eastern  extremity  of  that  island  to  Timor, 
terminating  at  a  station  to  be  established  at  Coupang.  With 
the  exception  of  a  short  distance  to  the  south  of  Timor,  as  yet 
not  surveyed  by  soundings,  the  remaining  link  to  Australia 
can  be  laid  in  shallow  water. 

The  Australian  telegraphs  already  extend  between  Ade- 
laide, Melbourne,  Sydney,  Brisbane,  and  Port  Denison,  a 
distance  of  about  2400  miles,  and  are  being  pushed  on  north- 
wards from  the  latter  place  towards  the  Gulf  of  Carpentaria  ; 
and  as  the  whole  of  the  intermediate  country  is  being  rapidly 
occupied  by  settlers,  there  will  be  little  difficulty  in  completing 
the  link  between  the  Australian  telegraph  system  and  the 
landing  point  of  the  cable. 

As  a  powerful  company  is  in  course  of  formation  to  carry 
out  this  vast  scheme,  it  is  probable  that  it  may  be  realised 
within  a  few  years ;  and  when  it  is  achieved,  and  our  country- 
men at  the  Antipodes  are  able  to  hold  prompt  correspondence 
with  their  mother  country — but  not  till  then,  as  Sir  Charles 
Bright  said  at  the  recent  Atlantic  Cable  Banquet  at  Liver- 
pool, "may  telegraphists  triumphantly  point  to  their  works 
and  exclaim : — 

"  Quse  regio  in  terrts  nostri  non  plena  laboris." 


Fig.  76.— The  Great  Eastern  picking  np  the  Atlantic  Telegraph  Cable  of  1865. 
(From  the  Illustrated  News.) 
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120.  Projection  of  the  line. — 121.  Preliminary  experiments  on  long  under- 
ground wires.— 122.  Soundings  of  the  Atlantic. — 123.  The  cable  of 
1857  and  unsuccessful  expedition  of  that  year. — 124.  The  machinery 
employed. — 125.  The  successful  expedition  of  1858,  and  failure  of 
cable  a  month  after  laid. — 126.  Resuscitation  of  the  enterprise,  and 
arrangements  for  cable  of  1865. — 127.  Improved  paying-out  and 
picking-up  machinery. — 128.  The  expedition  of  1865  ;  repeated  faults 
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120.  BY  the  end  of  the  year  1855  the  North  American  lines 
had  been  extended  as  far  as  Newfoundland,  while  in  Europe  the 
wires  of  the  Magnetic  Company  extended  to  the  extreme  west 
of  Ireland.  The  feasibility  of  uniting  the  two  vast  systems  of 
European  and  American  telegraphs  by  a  submarine  cable  had 
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engaged  the  consideration  of  several  of  the  most  enterprising 
telegraphists  on  both  sides.  It  had  been  already  proved  that 
cables  could  be  successfully  laid  in  comparatively  deep  water, 
but  the  nearest  points  between  the  British  Islands  and  New- 
foundland are  nearly  2000  miles  apart;  and  the  greatest  length 
of  submarine  line  submerged  prior  to  1856,  would  form  but  a 
fraction  of  such  an  enormous  distance. 

121.  The  most  important  question  then  undetermined  was  the 
possibility  of  working  through  such  a  length  in  an  unbroken 
circuit,  and  at  a  speed  that  would  enable  messages  to  be  passed 
in  succession  quickly  enough  to  prove  remunerative. 

All  doubts  on  this  point  were,  however,  removed  by  a  series 
of  experiments  instituted  by  Sir  Charles  Bright,  in  conjunction 
with  Mr.  Whitehouse,  upon  the  long  lengths  of  underground 
gutta-percha  covered  wires  belonging  to  the  British  and  Irish 
Magnetic  Telegraph  Company,  which  were  so  connected  on 
various  occasions  as  to  afford  a  length  of  upwards  of  2000  miles 
in  one  continuous  circuit.  Signals  were  clearly  and  satisfac- 
torily transmitted  this  vast  distance  at  the  rate  of  210,  241,  and 
270  per  minute,  with  a  facility  that  would  answer  every  com- 
mercial requirement. 

The  difficulty  in  working  that  was  found  to  arise  from  the 
retardation  of  the  electric  current  by  induction  was  overcome, 
as  it  had  previously  been  in  the  magneto-electric  instruments 
used  by  the  Magnetic  Company,  by  using  a  succession  of  oppo- 
site currents.  By  this  means  the  latter  or  retarded  portion  of 
each  current  was  blotted  out  by  the  opposite  current  imme- 
diately following  it ;  and  thus  a  series  of  electric  waves  could 
be  made  to  traverse  the  wire  one  after  the  other,  several  being 
in  the  act  of  passing  onward  at  different  points  along  the  con- 
ductor at  the  same  time.  Secondary  currents  were  employed, 
generated  by  an  induction  coil,  and  the  electricity  was  found  to 
occupy  about  three  seconds  in  passing  from  one  end  to  the 
other. 

The  New  York  and  Newfoundland  Telegraph  Company  had 
previously  obtained  from  the  Governments  of  Newfoundland, 
Nova  Scotia,  Prince  Edward's  Island,  and  the  State  of  Maine, 
the  exclusive  right  to  land  cables,  upon  condition  of  their  con- 
necting those  countries  with  the  network  of  telegraphs  already 
constructed  in  the  United  States.  Mr.  Cyrus  Field,  the  Vice- 
President  of  that  company,  then  entered  into  an  arrangement 
with  Sir  C.  Bright,  Mr.  Brett,  and  Mr.  Whitehouse  to  combine 
in  carrying  out  the  undertaking. 

122.  The  nature  of  the  ocean's  bed  had  become  by  this  time 
well  understood,  several  series  of  soundings  having  been  taken 
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by  Lieutenant  Maury  and  Lieutenant  Berryman,  of  the  United 
States  Navy,  and  also  by  Commander  Dayman,  R.N.,  which 
proved  that  a  gently  undulating  plateau  of  great  breadth  ex- 
isted nearly  the  whole  of  the  distance  between  Ireland  and 
British  North  America,  at  a  depth  varying  gradually  from 
1700  to  2300  fathoms.  These  depths,  although  very  great,  are 
insignificant  when  compared  with  the  nearly  unfathomable 
soundings  further  to  the  southward  than  the  belt  of  ocean  thus 
indicated,  where  the  lead  has  been  found  to  pass  uninter- 
ruptedly downwards  for  6000  and  even  7000  fathoms. 

The  table-land  thus  raised  at  the  bottom  of  the  sea  appears 
to  follow  the  course  of  the  Gulf  Stream,  and  has  been  built  up 
by  the  deposit  of  the  shells  of  microscopic  animalculse,  which 
have  rained  down,  as  it  were,  for  countless  ages,  carried  along 
by  the  warm  water  of  this  "  river  in  the  ocean."  The  minute 
diatomaceae  and  globiferse  die  in  myriads  upon  the  temperature 
of  the  Gulf  Stream  being  lowered  by  contact  with  the  more 
northern  seas;  hence  about  Newfoundland,  where  the  Gulf 
Stream  is  somewhat  checked  and  first  comes  in  contact  with 
the  cold  waters  from  the  north,  a  much  more  rapid  deposit  of 
these  animalculse  has  taken  place,  resulting  in  the  formation  of 
the  cod  banks.  "When  specimens  of  the  soundings  brought  up 
are  examined,  they  are  found  to  be  analogous  to  the  material 
forming  our  chalk  cliffs,  which  have  also  been  built  up  in  past 
ages  by  the  same  little  creatures.  The  diatomaceae  in  their 
action  in  the  colder  regions  may,  in  fact,  be  likened  to  the  coral 
insects  of  warmer  climes,  as  regards  the  gradual  building  up 
of  the  sea  into  land.  As  these  microscopic  shells  are  so  fragile 
that  a  breath  would  almost  destroy  them,  they  afford  a  proof 
that  there  are  no  currents  moving  over  the  surface  of  this 
plateau,  for  had  the  shells  been  rolled  to  and  fro  their  delicate 
organism  would  have  been  bruised  to  pieces. 

123.  These  facts  promised  permanent  security  to  a  cable  when 
laid,  and  rendered  it  unnecessary  to  provide  one  of  great  weight 
or  size,  such  as  would  have  been  requisite  for  any  depths 
affected  by  currents.  On  the  other  hand  the  enormous  depths 
in  which  the  Atlantic  line  had  to  be  laid,  made  it  necessary  to 
construct  a  form  of  cable  that  should  be  capable  of  sustaining 
five  or  six  miles  of  its  own  weight  in  the  water,  when  suspended 
vertically ;  so  as  to  allow  of  laying  to,  if  required,  during  sub- 
mersion. At  the  same  time  the  cable  had  to  be  heavy  enough 
to  draw  itself  freely  from  the  hold,  somewhat  in  excess  of  the 
ship's  speed,  and  to  sink  readily  so  as  to  avoid  the  lashing  of 
the  waves  in  rough  weather,  and  pass  without  interference 
through  the  currents  near  the  surface.  After  experiments  on 
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upwards  of  sixty  kinds  of  cables  made  by  Messrs.  Glass  and  Co. , 
one  was  selected  with  a  central  conducting  strand  composed  of 
seven  copper  wires,  No.  22  gauge,  and  coated  with  three  distinct 
layers  of  gutta-percha.  This  core  was  then  surrounded  with 
tarred  yarn,  and  covered  over  with  eighteen 
strands  of  iron  wire  as  an  outer  protection,  as 
shown  in  figs.  77  and  78. 

The  Governments  on  both  sides  having  en- 
couraged the  project  by  guarantees  of  traffic, 
and  the  promise  of  vessels  to  assist  in  laying  the 
cable ;  the  'promoters,  in  conjunction  with  the 
writer,  made  the  experimental  and  other  results 
public,  by  holding  meetings  at  Liverpool,  Man- 
chester, and  Glasgow.  These  led  to  the  im- 
mediate formation  of  the  Atlantic  Telegraph 
Company ;  and  nearly  the  whole  of  the  capital, 
consisting  of  350  shares  of  1000?.  each,  was 
subscribed  for  in  this  country  in  the  course 
of  a  few  days,  principally  by  those  connected 
with  the  Magnetic  Telegraph. 

The  engineering  department  was  placed  in 
the  hands  of  Sir  Charles  (then  Mr.)  Bright, 
while  Mr.  Saward  became  secretary,  and  Mr. 
Whitehouse  acted  as  electrician.  The  manu- 
facture of  the  cable  was  at  once  proceeded  with 
by  the  two  well  known  contracting  firms, 
Messrs.  Glass,  Elliot  and  Co.,  of  Greenwich, 
and  Messrs.  Newall,  of  Birkenhead. 

This,  the  first  Atlantic  cable,  is  shown  in  figs. 
77  and  78.  Lengths  of  ten  miles  for  the  shore 
ends  were  made  exceedingly  massive,  weighing 
about  ten  tons  to  the  mile,  and  encased  with 
wires  of  great  thickness.  The  British  and 
United  States  Governments  lent  H.  M.  S. 
Agamemnon,  and  United  States  frigate  Niagara, 
to  carry  the  cable,  with  the  frigates  Leopard 
and  Susquehanna  to  assist.  The  first  attempt 
was  made  in  August,  1857,  with  2500  miles  of 
cable  on  board.  The  expedition  started  from 
Valentia,  Ireland,  where  the  shore-end  had 
been  landed  with  great  enthusiasm  in  the  pre- 
sence of  Lord  Carlisle,  then  Lord  Lieutenant.  lg'  '8' 
After  the  paying  out  had  gone  on  successfully  from  the  Niagara 
for  several  days,  during  which  380  miles  had  been  laid,  the 
cable  parted  at  night  during  a  strong  breeze. 
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After  the  failure  of  this  first  attempt  to  span  the  Atlantic, 
many  crude  suggestions,  to  which  the  newspapers  gave  pro- 
minence, were  made ;  principally  by  those  unacquainted  with 
submarine  cable  work.  Amongst  them  may  be  noticed  the 
general  impression  that  neither  a  cable  nor  any  other  substance 
could  sink  to  the  bottom  of  the  ocean ;  but  that,  after  descend- 
ing a  certain  depth,  everything,  even  a  cannon  ball,  would 
arrive  at  its  point  of  flotation,  owing  to  the  increase  of  pres- 
sure and  supposed  increase  of  density  of  the  water.  In  this 
exploded  fallacy,  the  fact  that  water  is  less  compressible  than 
even  iron,  and  therefore  less  capable  of  increase  of  density, 
was  ignored. 

It  was  suggested  that  the  proper  point  to  pay  out  a  cable  was 
from  the  centre  of  a  ship,  as  the  point  of  least  motion,  and 
therefore  least  liable  to  injure  the  cable,  and  it  was  proposed  to 
have  an  opening  in  the  middle  to  let  it  down ;  but  as  a  cable  in 
paying  out  leaves  the  ship  at  an  angle  but  a  little  removed  from 
the  horizontal,  the  absurdity  of  such  a  proposition  is  manifest. 

Another  plan,  strongly  advocated,  was  to  wind  the  cable  upon 
an  immense  drum,  to  be  towed  by  steamers  while  the  line  un- 
wound. It  never  seems  to  have  occurred  to  the  suggestor  that 
in  rough  weather,  or  even  with  a  slight  breeze,  all  control  would 
be  lost  over  such  an  unwieldy  machine ;  while  the  strain  upon 
the  cable  in  unwinding  it  would  be  utterly  beyond  regulation. 

A  trail,  or  flexible  pipe,  was  also  proposed  to  hang  from  the 
ship's  stern  to  the  bottom  of  the  sea,  through  which  the  cable 
was  to  be  allowed  to  pass ;  but  the  promoters  of  this  plan  omitted 
to  consider  the  effects  of  the  friction  resulting  from  2000  miles 
of  cable  passing  through  it.  Of  whatever  substance  such  a  trail 
might  be  made,  a  day  or  two's  rubbing  of  the  cable  would  have 
worn  it  through. 

124.  In  the  next  effort,  of  1858,  it  was  decided,  upon  the  strong 
recommendation  of  Sir  Charles  Bright,  that  instead  of  commenc- 
ing with  the  easiest  and  shallow  part  of  the  laying,  from  shore, 
that  the  ships  should  begin  in  mid-ocean,  so  as  to  start  with  the 
most  difficult  work.  This  had  the  double  advantage  of  enabling 
them  to  select  fine  weather  at  the  outset,  and  of  reducing  the 
time  occupied  in  laying  the  line  to  one-half. 

The  paying-out  machinery  used  in  the  first  expedition  con- 
sisted of  a  series  of  four  consecutive  grooved  wheels,  the  cable 
passing  from  one  to  the  other  so  as  to  embrace  about  two-thirds 
of  the  circumference  of  each.  These  wheels  were  geared  to- 
gether, and  a  friction-break  connected  with  the  gearing,  so  that 
the  person  in  charge  of  the  machine  could  vary  the  check  ap- 
plied from  time,  to  time,  as  the  surging  of  the  ship  drew  out 
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more  or  less  cable.  Tlie  machinery  was  considerably  modified 
for  the  expedition  of  1858,  and  is  shown  in  figs.  79  and  80. 

The  cable  on  its  way  from  the  hold  to  the  stern  of  the  vessel 
was  made  to  pass  four  times  over  two  large  drums,  embracing 
half  the  circumference  of  each  drum.  Attached  to  the  axles  of 
each  of  the  drums  there  were  two  wheels  with  friction  straps, 
which  exerted  a  given  retarding  power,  according  to  the  weights 
hung  on  to  the  levers  tightening  the  straps. 

Between  the  stern  of  the  vessel  and  the  machine  the  cable 
was  bent  somewhat  out  of  the  straight  line,  by  being  led  under 
the  grooved  wheel  of  a  dynamometer,  fig.  80.  This  wheel  had  a 
weight  attached  to  it,  and  could  be  moved  up  or  down  in  an  iron 
frame.  If  the  strain  upon  the  cable  was  small,  the  wheel  would 
bend  the  cable  downwards,  and  its  index  would  show  a  low  degree 
of  pressure ;  but  whenever  the  strain  increased,  the  cable,  in 
straightening  itself,  would  at  once  lift  the  dynamometer  wheel 
with  the  indicator  attached  to  it,  which  showed  the  pressure  in 
cwts.  and  tons.  The  principle  is  similar  to  the  ordinary  spring 
letter-weighing  machine.  The  amount  of  strain  with  a  given 
weight  upon  the  wheel  [was  determined  by  experiments,  and 
a  hand-wheel  in  connection  with  the  levers  of  the  paying-out 
machine  was  placed  immediately  opposite  the  dynamometer; 
so  that,  directly  the  indicator  showed  strain  increasing,  the 
person  in  charge  could  at  once,  by  turning  the  hand- wheel,  lift 
up  the  weights  that  tightened  the  friction  straps,  and  so  let  the 
cable  run  freely  through  the  paying-out  machine.  Although, 
therefore,  the  strain  could  be  reduced  in  a  moment,  it  could  not 
be  increased  by  the  man  at  the  wheel. 

This  principle  has  been  since  used  in  connection  with  the 
other  deep  -water  cable  expeditions. 

125.  In  June,  1858,  the  Agamemnon  and  Niagara  proceeded  to 
the  rendezvous,  accompanied  by  H.M.S.  Valorous  and  Gorgon. 
They  encountered  a  heavy  gale,  and  the  great  weight  of  cable 
on  board  the  Agamemnon  nearly  made  her  founder;  but 
Captain  Preedy's  seamanship  brought  her  through,  and  the 
squadron  met  at  the  rendezvous  after  sixteen  days  of  danger 
and  apprehension.  Another  attempt  was  then  made  ;  but  after 
laying  a  small  length  the  cable  parted,  and  the  ships  returned 
to  Queenstown.  After  re-coaling  they  started  for  another,  and, 
this  time,  successful  effort ;  the  achievement  of  laying  the  cable 
between  the  two  continents  being  completed  on  the  5th  August, 
1858,  by  Sir  Charles  Bright  and  the  engineers  forming  his  staff 
(Messrs.  Canning,  Woodhouse,  Clifford,  and  Everett),  after  an  un- 
interrupted and  most  arduous  task  of  eight  days,  during  which 
2022  miles  of  cable  were  laid.  The  electrical  arrangements 
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during  the  laying  of  the  cable  were  under  the  charge  of  Pro- 
fessor Thomson. 

On  the  ends  of  the  cable  being  landed  at  Yalentia,  Ireland, 
and  Trinity  Bay,  Newfoundland,  and  handed  over  to  the  Com- 
pany's electrician,  Mr..  Whitehouse,  he  found  that  signals 
passed  from  shore  to  shore  with  as  great  speed  and  strength  as 
those  transmitted  through  the  folds  of  the  cable  before  the 
expedition  left  England.  After  transmitting  messages  for 
nearly  a  month,  some  defect  in  the  insulation  of  the  conducting 
wire  was  found  to  interfere  with  the  further  working. 

The  testing  showed  a  fault  at  a  distance  of  about  270  miles 
from  Valentia,  the  electrical  leakage  through  which  had  been 
augmented  by  the  strong  currents  used  to  pass  signals  through 
the  cable. 

During  the  period  that  the  Atlantic  cable  of  1858  was  in  good 
order  366  messages,  consisting  of  3942  words,  were  interchanged 
through  it  between  this  country  and  America ;  97  messages,  of 
1102  words,  being  forwarded  from  Valentia  to  Newfoundland; 
and  269  messages,  of  2840  words,  from  Newfoundland  to 
Valentia. 

Among  these  may  be  instanced  messages  from  Her  Majesty 
to  the  President  of  the  United  States,  and  his  reply ;  messages 
stopping  the  departure  from  Canada  of  two  regiments  for  this 
country,  thus  saving  at  least  £50,000  unnecessary  expense  to 
our  Government ;  and  messages  announcing  the  safe  arrival  of 
the  steamer  Europa,  with  mails  and  passengers  uninjured,  after 
her  collision  with  the  Arabia. 

The  last  words  passed  through  were  read  at  Valentia  on  the 
20th  October,  1858. 

Several  attempts  were  made  to  pick  up  the  cable  to  the  faults, 
but  were  unsuccessful ;  and  this  disastrous  result,  following  so 
soon  after  the  accomplishment  of  the  great  feat  of  connecting 
the  two  continents  together,  discouraged  further  enterprise  in 
the  same  direction  for  a  number  of  years. 

The  experience  thus  gained  on  many  points  was,  however,  of 
the  highest  importance.  It  was  seen  that  with  deep  sea  cables 
it  was  advisable  to  construct  them  proportionately  stronger  and 
specifically  lighter  than  the  first  Atlantic  line,  so  that  they 
might  be  recoverable  from  great  depths.  It  was  also  obvious 
that  for  so  long  an  unbroken  circuit  the  conductor  should  be 
larger  and  the  gutta-percha  insulation  more  perfect,  so  as  to 
enable  a  greater  speed  of  transmission  to  be  attained  with  a  less 
intense  current.  In  fact,  the  weaker  the  electric  charge  capable 
of  producing  an  effect  at  the  other  end,  the  less  tendency  it 
would  have  to  burst  its  way  through  the  gutta-percha  at  any 
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defective  point,  and  therefore  the  more  likely  the  cable  would 
be  to  last. 

126.  By  the  exertions  and  economical  management  of  Mr. 
Saward,  the  Secretary,  aided  by  the  contributions  of  Mr.  (now 
Sir  0.  M.)  Lampson  and  other  Directors,  the  Atlantic  Telegraph 
Company  was  kept  alive  year  after  year,  until  the  successes 
achieved  with  the  Malta  and  Alexandria,  the  Barcelona  and  Port 
Mahon,  and  other  deep  sea  cables,  followed  up  by  the  connection 
of  Europe  and  India  through  the  Persian  Gulf,  gave  a  fresh 
stimulus  to  Atlantic  enterprise ;  and,  with  the  co-operation  of 
Mr.  (now  Sir  E.  A.)  Glass,  capital  was  again  forthcoming  for 
the  cable  of  1865. 

The  form  of  cable  chosen  was  very  similar  in  construction  to 

that  recommended  to  Government  by  Sir  Charles  Bright,  in 

1859,  for  the  proposed  Falmouth  and 

Fig.  81.— Atlantic  cable,  1865.  Gibraltar  line  ;  the  principle  being  the 
combination  of  iron  wire  and  hemp  for 
the  outer  protecting  strands,  by  which 
the  specific  gravity  was  reduced,  and 
greater  strength  gained ;  while  casing 
the  wires  in  hemp,  saturated  with  tar, 
would  preserve  them  from  rust.  A 
section  and  side  view  of  the  cable  of 
1865  are  shown  at  fig.  81. 

The  weight  of  this  cable  in  air  was 
35cwt.  3  qrs.,  or  about  15  cwt.  more 
than  the  original  Atlantic;  while  its 
weight  in  water  was  only  14  cwt.,  or 
but  1  cwt.  more  than  the  old  cable. 
The  copper  conducting  strand  weighed 
300  Ibs.  per  mile,  or  nearly  three  times 
that  of  the  1858  strand,  and  was  insu- 
lated by  eight  coatings  of  gutta-percha 
and  Chatterton's  compound  laid  alter- 
nately over  one  another.  The  former 
cable  had  but  three  coatings  of  gutta- 
percha. 

The  rope  of  1865  could  withstand  a 
strain  of  seven  tons  and  a  half,  but  the 
strength  of  its  predecessor  was  only 
about  half  as  great. 

The  weight  and  bulk  of  the  cable 

being  so  enormous  when  multiplied  by  the  length  to  be  made — 
2300  miles— it  was  determined  to  take  up  the  Great  Eastern, 
which  was  then  seeking  employment  almost  in  vain.  By  this 
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.arrangement  the  whole  of  the  cable  could  be  stowed  in  one 
ship,  while  without  her  aid  four  ships  of  the  largest  size  would 
have  scarcely  sufficed ;  and,  as  in  1858,  the  cable  would  have 
had  to  be  much  smaller  in  size.  Even  with  present  experience 
it  would  be  a  most  dangerous  experiment  to  attempt  to  lay  a 
.cable  piecemeal  across  the  Atlantic  from  a  series  of  vessels,  as 
rough  weather  might  at  any  time  prevent  the  ends  being  suc- 
cessively joined  as  each  ship  finished  its  portion  of  the  task. 

The  mission  of  this  vast  ship  was  at  last  discovered,  and  she 
was  speedily  prepared  for  the  work.  Huge  tanks  were  built 
within  her  to  receive  the  cable,  and  keep  it  continually  satu- 
rated with  water ;  so  that  in  case  the  slightest  fault  occurred 
prior  to  the  insulated  cord  passing  into  the  sea,  it  would  be  at 
once  detected. 

127.  The  paying-out  machinery  was  considerably  improved 
by  Messrs.  Canning  &  Clifford,  who  had  charge  of  the  manu- 
facture of  the  cable,  under  Mr.  Glass'  supervision,  and  of  its 
subsequent  submersion. 

Messrs.  Glass  &  Elliot  having  combined  their  works  with 
those  of  the  Gutta  Percha  Company  under  the  title  of  the 
Telegraph  Construction  and  Maintenance  Company,  the  insula- 
tion of  the  conducting  wire  was  proceeded  with,  pari  passu, 
under  the  careful  superintendence  of  Mr.  Chatterton  and  Mr. 
Willoughby  Smith.  The  eight  separate  insulating  coatings 
reduced  incalculably  the  chance  of  any  defect  occurring  at  one 
point  in  all,  and  resulted  in  the  insulation  being  far  superior  to 
that  of  any  previous  cable. 

The  paying-out  machinery  fitted  on  board  the  Great  Eastern 
was  so  arranged  that,  on  the  one  hand,  no  strain  could  be  put 
upon  the  cable  in  excess  of  that  arranged  beforehand,  and 
adjusted  by  weights;  but,  on  the  other  hand,  the  strain  could 
be  reduced  or  taken  off  altogether  by  turning  hand- wheels 
similar  to  steering-gear.  The  principal  hand-wheel  was  placed 
close  to  a  dynamometer,  or  pressure-recording  apparatus, 
similar  to  that  used  in  1858,  (see  fig.  80,)  through  which  the  cable 
passed  on  its  way  from  the  machine  to  the  sea.  If  the  index 
of  the  dynamometer  showed  any  considerable  increase  of  strain 
from  any  cause,  the  person  in  charge  of  it,  and  the  paying-out 
machine,  could  at  once  take  off  the  machine  weights  by  turning 
the  hand- wheel. 

The  paying-out  machine  is  shown  in  fig.  88,  but  the  mode  of 
-action  will  be  more  clearly  shown  by  the  following  diagram 
.(p.  118). 

The  cable,  on  coming  up  from  the  tank  in  the  hold,  passes 
.along  a  conducting  trough  to  the  first  of  the  six  leading  V 
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wheels  of  the  machine,  see  fig.  82.  It  does  not  take  a  turn 
round  this  wheel  B,  but  merely  passes  over  the  top  of  it  and  the 
five  other  wheels  consecutively,  being  pressed  down  into  their 
grooved  rims  by  a  small  weighted  wheel  or  jockey  pulley,  A, 
around  the  circumference  of  which  there  is  a  band  of  india 
rubber,  so  as  to  produce  a  retarding  effect  upon  the  cable  when 


Fig.  82.— Diagram  of  one  of  the  six  leading  wheels  of  machinery  of  1865—6. 

necessary.  The  jockey  pulley  turns  upon  an  axle  at  the  end  of 
an  arm  centered  at  a',  and  the  weights  on  the  jockey  pulleys 
can  be  released  at  once  by  turning  a  hand- wheel.  After  leaving 
the  last  of  these  wheels,  the  cable  takes  several  turns  round  a 
large  drum,  the  axle  of  which  is  connected  to  a  break  arrange- 
ment similar  to  that  of  1858,  by  means  of  which  the  speed  of 
the  drum  with  a  given  strain  is  checked  or  accelerated,  according 
to  the  increase  or  reduction  of  a  series  of  hand- weights,  that 
can  be  attached  or  taken  off  as  required. 

Provision  was  also  made  for  picking  up  the  cable  in  case  of 
accident.  As  ships  will  not  steer  stern  foremost  in  operations 
of  this  nature,  the  head  of  the  ship  has  to  be  kept  to  the  cable, 
as  it  comes  up  from  the  sea.  An  auxiliary  steam  engine  was  fitted 
in  the  bows  of  the  Great  Eastern,  geared  to  a  pair  of  picking-up 
drums,  round  which  several  turns  of  the  grapnel  rope  would  be 
made.  Another  dynamometer  (or  pressure  measurer)  was  placed 
between  these  drums  and  the  bow  sheave,  to  indicate  the  strain 
upon  the  grapnel  rope,  and  thus  show  when  the  cable  was 
hooked,  or  when  the  pressure  was  becoming  so  great  during  the 
hauling-in  process  as  to  imperil  either  the  grapnel  rope  or  the 
cable. 

128.  Thirty  miles  of  very  massive  shore-end  cable,  weighing 
20  tons  per  mile,  havinglbeen  previously  laid  by  the  steam-ship 
Caroline,  from  Foilhommerum  Bay,  Valentia,  the  Great  Easterh 
spliced  the  deep  sea  cable  to  the  gradually- tapered  end  of  the- 
shore  cable,  and  commenced  paying  out  on  the  23rd  July,  1865. 
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Early  in  the  morning  of  the  following  day,  when  75  miles 
from  land,  a  fault  was  discovered  in  the  insulation;  and 
as  the  tests  localised  it  to  a  few  miles  from  the  ship,  the 
picking-iip  machine  was  soon  set  to  work.  After  10^  miles  had 
been  drawn  back  the  fault  was  arrived  at,  and  the  cause  of 
injury  found  to  be  a  piece  of  iron  wire,  about  two  inches  long, 
and  the  same  gauge  as  that  covering  the  cable,  which  had  by 
some  means  been  driven  into  the  gutta  percha  so  as  to  touch  the 
conductor.  Complete  leakage  was  thus  produced  after  the  cable 
had  been  sufficiently  long  under  water  to  allow  the  moisture  to 
penetrate  the  outer  covering  of  tarred  yarn. 

Everything  then  went  on  well  for  the  next  five  days,  until 
the  afternoon  of  the  29th  July,  when,  after  716  miles  had  been 
laid  and  the  ship  was  in  soundings  of  more  than  two  miles  deep, 
a  similar  fault  was  discovered  to  have  passed  overboard.  This 
was  rectified  in  the  same  way  as  its  predecessor  by  the  tedious 
and  difficult  process  of  hauling  back.  These  faults  were  re- 
ferred by  some  to  accident  arising  from  the  brittleness  of  the 
outer  wire,  probably  at  points  where  welded ;  but  by  others  to 
malicious  injury. 

On  the  2nd  August,  when  at  a  distance  of  1050  miles  from 
Ireland,  after  1186  miles  of  cable  had  been  successfully  laid, 
for  the  third  time  a  loss  of  insulation  was  reported  in  soundings 
of  2J  miles.  The  Or  eat  Eastern  commenced  drawing  in  the 
cable  to  get  at  the  fault,  which  the  tests  showed  to  be  about 
six  miles  off;  but  as  the  ship  drifted,  one  of  the  projecting 
hawse-pipes  at  her  bow  chafed  the  cable,  and  before  the 
injured  part  could  be  drawn  through  the  machinery  it  broke. 
Repeated  efforts  were  made  to  recover  the  lost  cable  with  the 
picking-up  machinery  and  grapnels ;  but  the  shackles  of  the 
grappHng-rope  were  not  strong  enough,  and  gave  way  re- 
peatedly after  raising  the  cable  some  distance,  in  one  instance 
nearly  halfway  up  to  the  surface.  Though  the  rope  might  be 
strong  enough,  the  swivels  connecting  its  length  together  were 
not ;  and  the  axiom  that  "  nothing  is  stronger  than  its  weakest 
part"  received  an  apt  illustration  in  this  case.  The  battle  with 
the  ocean  was  over  for  the  year :  as  length  after  length  of 
grappling-rope  had  disappeared  with  the  cable  to  the  bottom, 
and  left  none  on  board  for  renewed  attempts. 

129.  The  experience  derived  from  this  expedition  plainly 
showed  that  success  with  an  Atlantic  cable  was  not  merely  to  be 
regarded  as  an  accidental  result,  but  might  be  really  considered  to 
be  reduced  to  a  certainty :  and  that  with  stronger  tackle  there 
was  good  reason  to  believe  that  the  lost  end  of  the  cable  might  be 
recovered.  Although  most  people  unaccustomed  to  cable-work 
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were  incredulous,  those  connected  with  the  undertaking  were 
so  sanguine  of  success  that  a  new  company,  the  Anglo- 
American,  was  organised  to  raise  fresh  capital  and  carry  out 
the  scheme  in  conjunction  with  the  Atlantic  Company. 

As  it  had  been  found  that  the  tarry  composition  coating  the 
outside    strands    interfered    with  the 

Fig.  83.— Atlantic  cable,  1866.  speedy  detection  of  faults,  by  filling 
up  any  injury  to  the  gutta-percha 
and  by  preventing  ready  penetration 
of  the  water  in  such  cases ;  it  was 
considered  better  to  omit  it  in  the 
cable  of  1866.  With  this  exception 
the  new  cable,  which  is  shown  in 
fig.  83,  was  similar  to  its  lost  pre- 
decessor. Through  this  composition 
being  omitted,  it  weighed  only  31  cwt., 
or  nearly  5  cwt.  less  than  the  other. 

The  tests  for  faults  in  the  previous 
cable  were  periodical — intervals  being 
allowed  between  each  for  passing 
messages  between  ship  and  shore ;  but 
by  an  ingenious  plan  devised  by  Mr. 
Willoughby  Smith,  it  was  arranged 
that  the  connections  of  the  cable  of 
1866  should  be  so  made  as  to  keep  it 
under  a  continuous  test  for  insula- 
tion, and  yet  allow  communications  to 
continue  between  those  engaged  at 
each  end  of  the  cable. 

A  diagram  showing  this  testing 
arrangement  is  given  in  fig.  84. 

Suppose  the  leakage  through  the 
resistance  R,  connected  with  the  shore 

end  of  the  cable,  to  equal  that  through  the  gutta-percha  of  4 
miles  of  the  cable,  this  amount  of  leakage  would  flow  through 
the  galvanometer  G'  to  earth,  and  thus  a  constant  deflection 
would  be  observed  so  long  as  the  cable  was  kept  charged  at  a 
uniform  tension.  But  should  the  tension  be  altered,  either  by 
the  occurrence  of  a  fault  in  the  cable,  or  for  signalling,  by 
reversing  the  current  on  board  ship  or  pressing  down  the  key, 
K,  on  shore,  a  change  in  the  deflection  of  both  galvanometers 
becomes  at  once  observable.  By  this  means  constant  commu- 
nication can  be  maintained  with  shore,  and  any  injury  to  the 
cable  at  once  detected. 

130.  Let  us  now  turn  to  the  signalling  department,  and  see 
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what  arrangements  were  made  for  working  the  cables  when  laid. 
In  the  apparatus  applied  by  Mr.  Whitehouse  to  pass  electricity 


Fig.  84 

CABLE. 


EARTH. 


B,  Battery  on  board  ship. 

a,  Thomson's  galvanometer,  through  which  the  battery  is  connected  to  the 

cable. 
•G',  Another  galvanometer  on  land  in  connection  with  resistance  R. 
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A  contact  key  by  which  the  current  from  the  cable  can  be  turned  through 
a  comparatively  low  resistance  R'. 


through  the  cable  of  1858,  large  induction  coils  were  used,  and 
the  secondary  current  produced  was  probably  equal  in  power  to 
that  derived  from  2000  cells  of  an  ordinary  Daniells'  battery. 
The  comparatively  low  state  of  insulation  of  that  cable  could 
not  long  withstand  this  excessively  intense  current,  and  the 
cable  gradually  ceased  transmitting  signals.  The  electricity 
forced  its  way  through  incipient  points  of  leakage  in  the  gutta- 
percha  envelope,  and  converted  them  into  fatal  faults.  Such 
an  untoward  result  taught  electricians  the  value,  or  rather  the 
necessity,  of  moderating  the  power  used  in  working  such  a 
long  circuit.  With  the  view  of  facilitating  this,  as  we  have  seen, 
a  much  larger  conducting  wire,  and  a  more  perfect  gutta-percha 
envelope  were  adopted.  Taking  advantage  of  these  improve- 
ments in  the  conductor,  Professor  (now  Sir  William)  Thomson 
adopted  a  very  ingenious  means  of  producing  a  full  and  visible 
signal  from  an  extremely  minute  movement  of  a  magnetic 
needle ;  and  was  thus  able  to  turn  to  account  the  feeblest 
electricity  arriving  through  the  cables. 

The  apparatus,  which  is  similar  in  principle  to  Gauss  and 
Weber's  telegraph  of  1837,  consists  of  a  small  and  exceedingly 
light  steel  magnet  with  a  tiny  reflector  or  mirror  fixed  to  it — 
both  together  weighing  but  a  single  grain,  or  thereabouts.  This 
delicate  magnet  is  suspended  from  its  centre  by  a  filament  of 
silk,  and  surrounded  by  a  coil  of  the  thinnest  copper  wire,  silk 
covered. 

When  electricity  passes  through  this  surrounding  coil  of  wire, 
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the  magnet  and  mirror  take  up  a  position  of  equilibrium 
between  the  elastic  force  of  the  silk  and  the  deflecting  force  of 
the  current  from  the  cable  circulating  through  the  coil.  A 
very  weak  current  is  sufficient  to  produce  a  slight,  though 
nearly  imperceptible,  movement  of  the  suspended  magnet. 
A  fine  ray  of  light  from  a  shaded  lamp  behind  a  screen  at  a 
distance  is  directed  through  the  open  centre  of  the  coil  upon  the 
mirror,  and  reflected  back  to  a  graduated  scale  upon  the  side  of 
the  lamp-screen  turned  towards  the  coil.  An  exceedingly  slight 
angle  of  motion  of  the  magnet  is  thus  made  to  magnify  the 
movement  of  the  spot  of  light  upon  the  scale,  and  to  render  it 
so  considerable  as  to  be  readily  noted  by  the  eye  of  the  operator. 
The  ray  is  brought  to  a  focus  by  passing  through  a  lens.  By 
combinations  of  these  movements  of  the  speck  of  light  (in  length 
and  duration)  upon  the  index,  an  alphabet  is  readily  formed. 

The  magnet  is  brought  back  to  zero  after  each  signal  by  the 
magnetic  action  of  the  earth,  or  else  by  the  use  of  a  small 
adjusting  magnet. 

The  plan  usually  adopted  for  reinforcing  the  effect  of  a  cur- 
rent on  ordinary  lines  of  telegraph  is  to  let  the  magnet  de- 
flected (or  soft  iron  attracted)  make  •  contact  with  a  metallic 
stud,  and  thus  bring  into  play  a  local  battery  to  produce  a  more 
marked  signal.  With  the  2000  miles  circuit  of  the  Atlantic 
cable,  however,  it  was  desirable  to  use  currents  of  such  small 
power,  that  the  signal  produced  would  not  suffice  for  the  firm 
contact  requisite  to  turn  on  the  local  battery.  The  introduction 
of  the  mirror  system  rendered  this  unnecessary,  through  mul- 
tiplying and  magnifying  the  Atlantic  signal  by  the  agency  of 
imponderable  light ! 

This  plan  was  put  in  practice  with  the  Atlantic  cable  of 
1858;  and  the  messages  then  transmitted  were  read  by  the 
receiving  clerk  holding  down  the  key  of  a  Bain's  recording 
instrument,  whenever  the  ray  of  light  began  to  move  from  zero 
upon  the  scale ;  as  soon  as  it  commenced  returning  to  zero  the 
clerk  released  the  key.  Thus  marks  and  blanks  were  produced 
by  decomposition  upon  the  chemically-prepared  riband  of  the 
Bain's  apparatus,  corresponding  with  the  movement  of  the 
light,  and  letters  were  formed  by  these  combinations  of  con- 
ventional marks.  The  clerk  therefore  took  the  place  of  a  relay, 
in  making  a  permanent  record  of  the  duration  of  each  move- 
ment of  the  light. 

The  arrangement  of  Professor  Thomson's  apparatus  is  shown 
in  figs.  85,  86,  and  87. 

Fig.  85  shows  the  galvanometer  c  mounted  upon  a  stand 
with  the  screen  &  and  its  graduated  scale  a  at  a  short  distance. 


REFLECTING  GALVANOMETER. 


123 


A  lamp  is  placed  at  the  back  of  the  scale ;   and  immediately 
below  the  zero  mark  of  the  scale  a  small  slot  g  is  cut,  to  allow 


Fig.  85. — Atlantic  Telegraph.    The  reflecting  galvanometer,  and  screen. 

a  streak  of  light  to  pass  from  the  lamp  to  the  small  suspended 
mirror  in  the  galvanometer  coil ;  d  is  a  thumbscrew  to  regulate 
the  position  of  the  mirror  magnet,  and  e  is  a  small  adjusting 
magnet  outside  the  coil. 

Fig.  86  shows  the  galvanometer  coil  b 
with  its  suspended  magnet  and  mirror  a. 

Fig.  87  (p,  124)  is  a  diagram  showing 
the  manner  in  which  the  slightest  move- 
ment of  the  mirror  A  makes  the  ray  of 
light  reflected  from  it  traverse  the  gra- 
duated scale  B  at  a  distance. 

When  this  apparatus  is  used  on  board 
ship,  local  magnets  are  employed  to  keep  Fig.  86.— Atlantic  galvano- 
the  mirror  in  the  zero  position;  and  the      ""S^JSSS^ 
needle  and  mirror  being   carefully  ad- 
justed, with  the  centre  of  gravity  in  line  with  the  silk  filament 
to  which  they  are  attached,  the  signals  keep  steady  even  when 
the  vessel  is  rolling  heavily. 

All  the  arrangements  for  the  cable  of  1866  being  complete,  on 
the  13th  July  the  Great  Eastern  completed  the  splice  of  the 
main  cable  to  the  30  miles  of  shore  end  off  Yalentia,  and  at 
3*20  p.m.  the  Atlantic  cable  began  to  pass  over  the  V  wheel  at 
her  stern. 

The  laying  of  the  cable,  as  in  1865,  was  entrusted  to  Mr. 
(now  Sir  Samuel)  Canning  and  Mr.  Clifford,  assisted  by  Mr. 
Temple.  The  navigation  of  the  great  ship  was  in  charge  of 
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Capt.  (now  Sir  James)  Anderson,  assisted  by  Staff- Commander 
Moriarty,  R.N.,  and  Mr.  Halpin;  and  the  electrical  depart- 
ment was  represented  by  Professor  (now  Sir  William)  Thomson 
and  Mr.  Willoughby  Smith,  the  chief  electrician  of  the  Tele- 
Fig.  87. 


graph  Construction  Company.  Mr.  Cyrus  Field,  Capt.  Hamil- 
ton, E.N.,  and  Mr.  (now  Sir  D.)  Gooch,  M.P.,  directors  of  the 
Anglo-American  Telegraph  Company,  with  Mr.  Deane,  their 
secretary,  were  also  on  board.  In  addition  to  the  cable  re- 
quired for  the  line  of  1866,  a  sufficient  length  was  taken  to 
complete  that  of  1865,  should  the  end  be  recovered  as  was  con- 
fidently believed  by  those  in  charge. 

The  great  ship  was  accompanied  by  H.M.S.  Terrible  and  the 
steamers  Albany  and  Medway,  the  two  latter  having  picking-up 
apparatus  on  board  to  assist  in  fishing  for  the  lost  cable. 

The  expedition  was  favoured  by  fine  weather,  and  everything 
went  smoothly  till  the  18th  July,  when  the  cable  became 
entangled  in  the  hold  through  one  flake  fouling  another.  The 
paying- out  part  of  the  coil  caught  three  turns  of  the  cable 
immediately  under  it,  and  drew  the  bights  into  the  eye  of  the 
coil  in  a  confused  tangle.  The  Great  Eastern  was  fortunately 
brought  up  in  time  to  prevent  the  huge  knot  of  cable  entering 
the  machinery,  and  in  the  course  of  a  few  hours  the  confused 
mass  was  unravelled,  and  the  work  proceeded.  Messrs.  Canning 
and  Clifford  were  well  acquainted  with  foul  flakes  before,  and 
knew  how  to  set  matters  straight  again. 

No  further  interruption  occurred,  and  the  American  end  of 
the  cable  was  successfully  landed  at  Heart's  Content  Bay,  New- 
foundland, on  the  27th  July,  in  perfect  order.  Messages  con- 
veying the  glad  tidings  were  at  once  sent  to  Mr.  (now  Sir  E.  A.) 
Glass,  the  managing  director  of  the  Telegraph  Construction 
Company,  who  had  patiently  and  anxiously  watched  the  pro- 
gress of  this  great  work — the  carrying  out  of  which  was  in  a 
great  measure  due  to  his  untiring  energy  and  determination. 
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131.  The  following  are  some  of  the  congratulatory  messages 


As  soon  as  the  telegraphic  communication  between  this 
country  and  America  was  completed,  a  message  was  transmitted 
through  the  Atlantic  cable  from  her  Majesty  to  the  President  of 
the  United  States:— 

"  From  the  Queen,  Osborne,  to  the  President  of  the  United  States, 
"Washington. 

"July  28th,  1866. 

"The  Queen  congratulates  the  President  on  the  successful  completion 
of  an  undertaking  which  she  hopes  may  serve  as  an  additional  bond  of 
union  between  the  United  States  and  England." 

The  President  replied  as  follows  : — 

"From  Andrew  Johnson,  the  Executive  Mansion,  Washington,  to  her 
Majesty  the  Queen  of  the  United  Kingdom  of  Great  Britain  and 
Ireland. 

"July  30,  11.30A.M. 

"The  President  of  the  United  States  acknowledges  with  profound 
gratification  the  receipt  of  her  Majesty's  despatch  ;  and  cordially  recipro- 
cates the  hope  that  the  cable,  that  now  unites  the  eastern  and  western 
hemispheres,  may  serve  to  strengthen  and  perpetuate  peace  and  amity 
between  the  Government  of  England  and  the  Republic  of  the  United 
States." 

The  following  telegram  was  forwarded  by  the  Earl  of  Car- 
narvon to  Viscount  Monck,  Ottawa,  Canada : — 

"  I  am  commanded  by  the  Queen  to  convey  to  the  Governor- General  of 
her  North  American  provinces  her  Majesty's  congratulations  on  the  com- 
pletion of  the  Atlantic  telegraph,  and  the  strengthening  thereby  of  the 
unity  of  the  British  empire. 

"Her  Majesty  includes  her  ancient  colony  of  Newfoundland  in  these 
congratulations  to  all  her  faithful  subjects. 

"July  28, 1866."  "  CARNARVON. 

The  answer  returned  by  the  Governor-General  of  Canada  was 
as  follows : — 

"  Viscount  Monck  to  the  Earl  of  Carnarvon. 

"Cable. — Your  message  of  July  28  received.  Present  my  humble  duty 
to  the  Queen  ;  and  assure  her  Majesty,  that  her  Majesty's  gratification  at 
the  additional  strength  which  the  completion  of  the  Atlantic  telegraph  will 
give  to  the  unity  of  her  empire,  is  shared  by  all  her  subjects  in  British 
North  America. 

4 « Ottawa,  August  1 . "  "  MONCK. 

The  Lord  Mayor  of  London  telegraphed  to  the  Mayor  of  New 
York  :— 

"  May  our  commerce  flourish,  and  may  peace  and  prosperity  unite  us." 
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The  Mayor  of  New  York  replied  :— • 

"The  energy  and  genius  of  man,  directed  by  the  providence  of  God, 
have  united  the  continents.  May  this  be  instrumental  in  securing  the 
happiness  of  all  nations  and  the  rights  of  all  people." 

An  exchange  of  courtesies  also  passed  between  the  Mayor  of 
Vancouver's  Island  and  the  Lord  Mayor,  by  telegraph  ;  the  one 
trying  to  embody  in  his  message  the  feeling  of  the  colony,  and 
the  other  that  of  the  mother-country.  The  first  message  was 
received  at  the  Mansion  House,  London,  on  the  3rd  August,  and 
was  in  these  terms  : — 

"Franklyn,  Mayor,  Vancouver,  July  31,  to  Lord  Mayor,  London. 
"The  infant  colony  Vancouver,  8000  miles  distant,  sends  telegraphic 
cordial  greetings  to  Mother  England." 

To  this  the  Lord  Mayor  of  London,  taking  up  the  vein,  and 
reciprocating  the  sentiments  of  his  far  distant  correspondent, 
replied  by  telegraph  as  follows  : — 

"  To  the  Mayor  of  Vancouver's  Island. 

"Mother  England  acknowledges  the  cordial  greeting  of  her  infant  son 
Vancouver.  May  peace,  good  will,  and  unanimity  unite  and  prosper  our 
happy  family." 

It  will  be  observed  that  three  days  were  occupied  in  the 
transmission  of  the  message  between  Vancouver's  Island  and 
this  country.  It  would  be  carried  across  the  continent  of 
America  to  Newfoundland — how  far  by  telegraph  does  not 
appear.  Seven  hours,  or  thereabouts,  would  be  spent  in  con- 
veying it  by  steamer  from  Cape  Breton  Island  to  Newfound- 
land (between  which  the  local  cable  was  out  of  order),  a  distance 
of  70  miles  ;  and  thence  by  the  Atlantic  cable  to  Valentia,  and 
on  to  London  about  an  hour  more,  making  three  days  and 
nights,  or  72  hours.  Altogether  it  must  have  travelled,  taking 
the  whole  route,  at  the  rate  of  upwards  of  111  miles  an  hour, 
but  in  the  70  miles  from  the  American  shore  to  Newfoundland 
it  would  only  be  conveyed  at  the  rate  of  10  miles  an  hour. 

Mr.  Latimer  Clark,  C.E.,  the  engineer  of  the  Atlantic  Tele- 
graph Company,  tested  the  cable  on  behalf  of  the  Company, 
and  forwarded  the  following  report  to  their  secretary. 

"Valentia,  July  30,  1866. 

"My  dear  Sir, — Herewith  I  have  the  pleasure  to  forward  you  a  certi- 
ficate of  the  completion  of  the  1866  cable,  which  is  similar  in  every 
respect  to  the  one  which,  after  consultation,  has  been  given  to  the  Anglo- 
American  Telegraph  Company. 

"The  cable,  as  you  have  doubtless  already  heard,  is  in  a  most  satis- 
factory electrical  condition,  and  with  the  apparatus  now  used  gives  fully 
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six  words  per  minute.  With  improved  apparatus  it  will  give  much  more, 
and  by  the  use  of  codes  I  expect  fully  thrice  that  speed  will  be  obtained. 
The  present  signals  are  strong  and  excellent. 

"Before  leaving  Sheerness  the  insulation  of  the  cable  was  713  millions 
Siemens  units  per  knot.  This  steadily  increased  as  the  cable  was  paid 
out,  and  is  now  as  high  as  2, 300  million  units  per  knot.  This  increase  is 
due  partly  to  temperature  and  partly  to  pressure,  and  I  will  shortly  calcu- 
late the  influence  of  these  combined  causes,  and  give  you  the  insulation  of 
this  cable  and  the  Persian  Gulf  cable  at  a  uniform  temperature  and 
pressure  for  comparison. 

"It  is  to  be  regretted  that  the  Newfoundland  line  is  not  in  an  efficient 
state,  as  that  would  have  added  greatly  to  the  idajt  of  the  opening.  We 
have  one  and  all  formed  the  most  sanguine  opinions  as  to  the  permanence 
and  security  of  the  line,  as  well  as  concerning  the  probability  of  repairing 
the  1865  cable,  which  we  quite  expect  to  see  put  to  work  again  shortly. 

"It  is  almost  unnecessary  for  me  to  congratulate  you  on  the  success  of 
this  part  of  the  work,  and  the  wonderful  prospects  of  pecuniary  success 
which  the  first  day's  work  has  opened  out  to  us. 

"Believe  me,  ever  yours  truly, 

"LATIMER  CLARK. 

"Mr.  G.  Saward,  Secretary,  Atlantic  Telegraph 
Company." 


Fig.  88. — Paying-out  machine,  1865 — 6. 

CHAPTER  IX. 

THE  ATLANTIC  CABLES. 

131.*  The  practical  difficulty  of  raising  the  cable. — 132.  Appliances  em- 
ployed.— 133.  The  search;  repeated  efforts  to  recover  it;  and  final 
success. — 134.  Condition  of  the  picked  up  cable  and  its  perfect 
insulation. — 135.  A  lady's  thimble  used  by  Mr.  L.  Clark  to  form  a 
battery  to  signal  through  the  cables. — 136.  Compensating  keys. — 
137.  Tariff  for  Atlantic  messages. — 138.  Honours  conferred  on  those 
engaged  in  the  great  work. — 139.  Experiments  of  the  Astronomer 
Royal  and  Dr.  Gould  to  determine  American  longitudes  by  the  cables. 
— 140.  Electric  current  produced  in  a  percussion  cap  passed  through 
the  cable. 

THE  RECOVERY  OF  THE  LOST  CABLE  OF  1865  IN  SEPT.  1866. 

131.*  THE  Atlantic  squadron  then  proceeded  to  search  for  the 
cable  of  1865 ;  and  now  began  their  most  arduous  task.  Failure 
had  been  confidently  predicted  by  many  able  men,  some  of 
whom  went  so  far  as  to  describe  their  grounds  for  considering 
the  attempt  impracticable. 

The  difficulty  of  the  undertaking  may  be  readily  conceived, 
when  we  consider  that  a  submarine  cable  when  laid  forms 
nearly  a  straight  line  upon  the  bottom ;  but  in  raising  a  bight 
of  it  to  the  surface,  a  considerable  length  beyond  that  upon  the 
bottom  is  required  to  form  the  two  curved  sides,  subtending 
the  angle  brought  up.  This  will  be  more  clearly  seen  from  the 
following  diagram,  where  K  shows  the  line  of  a  cable  on  the 
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bottom  of  the  sea,  forming  the  base  of  the  triangle,  and,  L,  I/, 
the  two  curved  sides  formed  in  bringing  the  cable  upward.  In 
laying  deep-sea  cables,  10  to  15  per  cent,  of  slack  is  usually 


Fig.  89.— Diagram  showing  by  the  dotted  lines  the  angle  a  deep  sea-cable  has  to 
make  to  come  up  to  the  surface. 

paid  out,  and  this  surplusage  would  of  course  assist  in  forming 
the  two  sides  of  the  bight.  In  such  depths  as  the  Atlantic, 
this  excess  would  not  however  be  sufficient;  and  it  was 
therefore  arranged  to  lift  the  cable  partially  at  several  points 
near  to  one  another  at  the  same  time,  by  the  co-operation  of  the 
three  ships.  If  this  could  be  accomplished,  and  the  outermost 
vessel  then  broke  the  cable  by  putting  on  additional  strain,  a 
length  would  be  left  free  to  form  the  outer  side  of  the  bight,  and 
the  cable  would  come  up  readily. 

132.  Prior  to  entering  upon  our  history  of  the  angling  for 
such  a  great  prize,  let  us  look  at  the  arrangement  of  tackle 
which  was  destined  to  recover  from  ocean  depths  of  more  than 
two  miles  the  value  of  half  a  million  sterling. 

The  line  devised  for  this  wonderful  bottom  fishing  consisted 
of  a  combination  of  steel  wire  and  hemp  strands  spun  together. 
The  grappling  rope  complete,  measured  2^  inches  in  diameter, 
and  was  built  up  of  seven  smaller  ropes  (six  laid  round  one), 
each  composed  of  seven  wires  served  with  tarred  hemp.  The 
rope  complete,  therefore,  consisted  of  no  less  than  49  wires, 
each  isolated  from  its  neighbour  by  the  yarn  covering  it.  The 
aggregate  strength  of  this  bundle  of  steel  fibres  was  sufficient 
to  bear  a  strain  of  no  less  than  30  tons.  The  hemp  reduced 
greatly  the  specific  gravity  of  this  huge  rope  in  water,  while 
giving  increased  strength  and  elasticity ;  so  that  though 
weighing  about  8  tons  per  mile  in  air,  it  was  but  3  tons  when 
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Fig.  90. — Atlantic  grapnel. 


a 


submerged,  and  thus  only  put  a  strain  of  about  8  tons  upon 
the  picking-up  machine  when  2^  miles  with  the  grapnel  at- 
tached were  hanging  down  in  the  ocean. 

For  fish-hooks,  a  number  of  five-pronged  grapnels  of  the 
shape  shown  in  fig.  90  were  on  board,  weighing  from  24  to 
4  cwt.  each.  Projecting  springs  were 
so  attached  to  the  grapnel  shank,  as  to 
prevent  the  cable  leaping  up  when 
once  secured  in  the  tenacious  grasp  of 
the  flukes.  The  picking-up  machine 
consisted  of  a  pair  of  large  drums  at 
the  bow  of  the  vessel,  as  already 
described,  geared  to  a  powerful 
"donkey"  engine,  by  which  they 
could  be  made  to  revolve  in  either 
direction  as  required,  like  the  winch 
of  a  fishing-rod. 

To  complete  the  similitude,  between 
these  drums  and  the  bowsheave  the 
grappling-rope  passed  under  the  wheel 
of  a  dynamometer, — the  duty  of  which 
was  precisely  analogous  to  that  of  a 
fishing-float,  to  give  warning  of  any 
nibble.  A  bite  in  this  case  was  indi- 
cated by  a  tug  on  the  line  to  the 
extent  of  an  additional  3  tons,  when 
the  bight  of  the  cable  below  had  been 
hooked.  The  strain  then  ran  up  from 
the  7^  or  8  tons,  due  to  the  pendant 
grappling-rope,  to  10 J  or  11  tons  when  the  prize  was  caught. 
Our  readers  can  fancy  the  excitement  on  board  upon  a  nibble 
being  shown  by  a  bob  of  the  dynamometer  index  ! 

133.  The  questions  now  to  be  solved  were : — Could  the  lost 
cable  be  found;  and  if  found,  could  it  be  secured.  The 
observations  taken  principally  by  Capt.  Moriarty  last  year 
formed  the  sole  clue  as  to  the  point  in  mid-ocean  where  the 
cable  slumbered.  The  skill  of  Capt.  Moriarty  and  Capt. 
Anderson  soon  set  the  first  doubt  at  rest,  by  unerringly  guiding 
the  expedition  to  the  spot  where  it  had  been  lost.  The  Albany 
grappling- ship,  with  H.M.S.  Terrible,  made  their  way  first  to 
the  rendezvous,  in  long.  38 '50  west,  and  commenced  the  search 
for  the  tiny  rope  in  a  depth  of  14,000  feet  of  water,  or  nearly 
the  height  of  the  peak  of  Mont  Blanc.  The  Albany  soon  hooked 
the  cable,  and  on  the  10th  August  lifted  it  some  distance  and 
attached  a  buoy.  In  the  night,  however,  while  a  heavy  sea  was 
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running,  the  buoy- chain  parted,  and  the  cable  went  to  the 
bottom  again. 

This  was  the  commencement  of  a  most  exciting  hunt.  On 
the  12th,  the  Great  Eastern  and  Medway  arrived;  the  great 
ship  drew  up  the  rope  more  than  half  a  mile  on  the  15th,  but 
in  the  act  of  buoying  the  rope  slipped.  Two  days  after  she 
again  got  hold  of  the  cable,  and  this  time  raised  the  bight  above 
the  surface  to  the  bow- sheave.  A  hearty  cheer  greeted  its 
appearance,  but  had  scarcely  died  away  when  the  cable  was 
once  more  lost ;  the  weather  being  too  rough  for  the  boats  to 
co-operate  in  securing  it,  the  cable  parted  before  it  could  be 
brought  in-board.  Between  the  17th  and  the  27th  August,  the 
different  ships  of  the  squadron  repeatedly  grappled  it,  the 
A  Ibany  raising  it  again  to  the  surface  on  the  26th ;  but  through 
boisterous  weather  they  failed  to  secure  the  prize.  In  one 
instance,  when  the  cable  broke  away,  a  man  was  caught  by  the 
grapnel-rope  flying  back,  and  hurled  many  feet  from  the  fore- 
castle-framing down  to  the  deck  below. 

These  repeated  failures  left  them,  as  Capt.  Anderson  after- 
wards remarked,  not  only  "  shattered  in  ropes  but  nearly  shat- 
tered in  hopes." 

As  the  cable  at  the  bottom,  where  they  had  been  so  long 
working  in  the  neighbourhood  of  long.  38*40  west,  was  by  this 
time  greatly  fouled  and  encumbered  with  the  various  grapnels 
and  ropes  which  had  given  way  in  the  many  efforts  to  raise  it ; 
and  as  the  depth  of  water  was  somewhat  less  at  the  point  where 
the  previous  day's  observations  had  been  taken  by  Capt. 
Moriarty  during  the  expedition  of  1865,  it  was  resolved  to  pro- 
ceed to  that  point  and  try  again.  The  exact  spot  was  again 
indicated  by  his  great  nautical  skill,  and  on  the  1st  Sept., 
operations  were  recommenced  at  long.  36 '7  west,  in  about 
11,000  feet  of  water,  and  fortunately  in  calm  weather.  The 
cable  was  soon  caught  by  the  Great  Eastern,  lifted  1|  mile  from 
the  bottom  and  buoyed.  She  then  shifted  ground  a  few  miles 
to  the  westward  and  at  night  again  hooked  it.  The  Medway •, 
at  the  same  time  grappled  the  cable  2  miles  further  west,  and 
was  signalled  by  flashes  of  light  to  haul  up  quickly,  so  as  to 
break  it,  and  thus  take  the  strain  off  the  portion  the  great  ship 
had  hold  of :  she  did  so,  and  the  bight  then  came  in  readily 
but  slowly,  as  if  reluctant  to  leave  the  soft  ocean  bed  upon 
which  it  had  been  so  long  reposing.  The  vast  ship  hung 
lightly  over  the  grappling-rope,  as  if  fearful  of  breaking  the 
slender  cord  which  was  clenched  in  the  iron  clasp  of  the  grapnel 
flukes  10,000  feet  down  in  the  depths  of  the  sea.  With  a 
strain  of  11  tons  upon  it,  the  tough  unyielding  fishing-line 
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came  in  over  the  bows  as  rigid  as  a  bar  of  iron  ;  and  as  "  slow 
but  sure,"  is  an  axiom  in  cable  fishing,  so  slowly  but  surely 
coil  after  coil  of  the  huge]  grappling  rope  was  drawn  on  board 
by  the  picking-up  machine;  until  at  last,  amid  breathless 
silence,  the  long  lost  cable,  for  the  third  time,  made  its  appear- 
ance above  the  water.  The  voices  of  Mr.  Canning,  Mr.  Clifford, 
and  Capt.  Anderson  were  alone  heard,  as  their  arrangements 
were  made  to  put  huge  hempen  stoppers  over  the  cable,  which 
was  speedily  attached  to  a  five-inch  rope,  and  having  been 
released  from  the  tenacious  grasp  of  the  grapnel,  was  hauled 
in  by  the  machine  after  cutting  away  the  western  end  of  the 
bight. 

Fig.  91.— Diagram  showing  final  arrangement  for  picking  up  cable  of  I860. 


A,  Point  where  cable  was  buoyed  to  east  by  Great  Eastern. 

B,  Point  where  cable  was  broken  by  Medway. 
c,  Bight  of  cable  brought  to  surface. 

The  precious  cable  end  was  carefully  led  into  the  instrument 
room,  where  Mr.  Willoughby  Smith  applied  the  tests  in  the 
presence  of  Mr.  Cyrus  Field,  Mr.  Canning,  Mr.  Clifford,  Capt. 
Anderson,  Prof.  Thomson,  Capt.  Hamilton,  Mr.  Gooch,  Mr. 
Deane,  and  others.  In  a  few  minutes  their  suspense  was  re- 
lieved by  their  tests  showing  the  cable  in  good  order,  and 
immediately  afterwards  the  answering  signals  arrived  from  the 
Telegraph  Office  at  Valentia,  and  were  received  with  loud 
cheers  that  re-echoed  throughout  the  ship. 

Let  us  now  look  at  those  patiently  watching  day  after  day, 
night  after  night,  in  the  wooden  telegraph  cabin  on  shore. 
Such  a  length  of  time  had  elapsed  since  the  picking-up  expedi- 
tion left  Newfoundland,  that  the  staff  at  Poilhommerum  were 
almost  hoping  against  hope.  Suddenly,  on  Sunday  morning 
the  2nd  Sept.,  at  a  quarter  to  six,  while  the  tiny  ray  of  light 
from  the  reflecting  galvanometer  was  being  watched,  the 
operator  observed  it  move  to  and  fro  upon  the  scale.  A  few 
minutes  afterwards  the  unsteady  flickering  was  changed  to  co- 
herency; the  long  speechless  cable  began  to  talk;  and  the 
joyful  assurance  arrived  :  "Canning  to  Glass,  Yalentia.  I  have 
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much  pleasure  in  speaking  to  you  through  the  1865  cable. 
Just  going  to  make  splice." 

The  glad  tidings  were  also  sent  from  the  ship  via  Valentia  to 
London,  Newfoundland,  and  New  York;  so  that  for  the  first 
time  it  happened  that  men,  tossed  about  on  a  stormy  sea  in 
utter  darkness,  could  hold  a  conversation  at  the  same  time  with 
Europe  and  America. 

134.  The  cable  when  brought  up  was  parti-coloured  like  a 
snake,  half  grey  with  the  ooze  of  microscopic  shells  on  which  it 
had  rested,  and  half  black ;  showing  that  it  had  not  thoroughly 
sank  into  the  material  forming  the  bottom,  of  the  Atlantic,  but 
had  rested  undisturbed  and  only  half  covered. 

After  splicing  the  end  to  the  spare  cable  on  board,  the  rest 
was  laid  -successfully  without  hitch  or  difficulty  to  Newfound- 
land, on  the  8th  of  September ;  forming  the  second  line  of  com- 
munication with  America. 

This  cable  tested  upon  completion  even  better  than  that  of 
1866  ;  owing  to  the  gutta  percha  of  the  1200  miles  laid  in  1865 
having  become  gradually  consolidated  by  the  continued  pres- 
sure of  the  enormous  weight  of  water,  and  to  the  uniformly 
low  temperature  (about  39°  Fahr.)  of  the  bottom  of  the  sea  in 
those  great  depths.  The  cable  of  1866  has  also  steadily  im- 
proved in  insulation  since  it  was  laid,  until  now  both  cables  test 
nearly  equal. 

Nothing,  in  fact,  could  be  more  favourable  to  the  longevity 
of  a  submarine  cable  than  these  conditions,  coupled  with  the 
level  shell-strewn  bottom  and  utter  absence  of  motion  in  the 
lower  waters  of  the  Atlantic ;  and  as  the  first  cables  laid  nearly 
sixteen  years  ago  have  been  found  to  last  to  the  present  time, 
with  the  gutta  percha  covering  their  wires  as  good  and  fresh 
as  when  laid,  there  appears  no  valid  reason  why  any  limit 
should  be  put  upon  the  longevity  of  the  two  American  cables, 
laid  as  they  are  utterly  out  of  harm's  way.  In  addition  to  this 
the  wonderful  result  of  the  last  expedition  has  proved  that 
cables,  if  injured,  can  be  recovered  from  the  greatest  ocean 
depths ;  giving  an  assurance  of  permanent  working — since  re- 
pairs are  practicable — and  hence  of  a  permanent  value  which 
such  lines  did  not  previously  possess.  Before  this  successful 
operation  the  grave  doubt  always  arose:  "  But  if  it  breaks,  is 
not  the  injury  irremediable  ?  "  Now,  however,  electrical  science 
points  out  the  exact  distance  of  any  fault  from  land,  and  as 
surely  engineering  skill  can  be  brought  to  bear  to  set  it  right 
again. 

135.  To  show  how  thoroughly  perfect  their  insulation  is,  Mr. 
Latimer  Clark  had  the  extremities  of  the  two  conducting  wires 
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which  now  stretch  across  the  Atlantic  joined  together  in  New- 
foundland, so  as  to  form  an  immense  unbroken  loop-line  of 
3700  miles.  He  then  put  some  acid  in  a  lady's  silver  thimble 
with  a  small  piece  of  zinc  and  another  of  copper ;  and  by  this 
simple  agency  he  actually  succeeded  in  passing  signals  through 
the  entire  length  of  both  cables  in  little  more  than  a  second  of 
time.  Of  course  the  success  of  an  experiment  like  this  was 
possible  only  with  a  conductor  as  large  and  as  wonderfully  per- 
fect in  insulation  as  that  of  the  Atlantic  cables.  The  feat,  how- 
ever, forms  a  strange  contrast  to  the  enormous  electrical  power 
used  in  working  the  cable  of  1858,  when  at  first  the  intense 
secondary  currents  derived  from  the  inductive  action  of  50  cells- 
of  a  very  large  battery  were  employed ;  and  afterwards  a  power 
equal  to  500  cells,  producing  a  current  almost  akin  in  its  effects- 
to  lightning !  There  is  no  doubt  that  with  the  comparatively 
small  conductor  and  poor  insulation  of  the  1858  cable,  an  un- 
usually high  power  was  requisite  to  drive  the  signals  through 
in  tolerably  quick  succession  to  form  messages  ;  but  this  ener- 
getic force  soon  wrought  destruction  to  the  very  channel  through 
which  it  passed,  much  as  its  prototype  lightning  blasts  and 
destroys  the  conducting  fibres  of  the  tree  by  which  it  is  con- 
veyed to  the  earth. 

136.  In  the  practical  working  of  the  present  Atlantic  cables 
only  20  cells  are  usually  employed,  and  as  it  was  considered 
necessary  to  clear  the  cable  of  each  signal  promptly  to  allow 
the  next  to  go  through,  various  forms  of  compensating  keys 
were  devised  by  Sir  Charles  Bright,  Sir  William  Thomson, 
Mr.  Whitehouse,  Mr.  Yarley,  and  the  writer.  It  is  found  in 
practice  that,  instead  of  first  sending  a  positive  current  of  suffi- 
cient duration  to  produce  the  signal,  and  then  blotting  out  the 
residual  electricity  it  leaves  behind  in  the  cable  by  an  equal 
negative  current,  it  is  better  to  transmit  in  rapid  succession  a 
series  of  opposite  currents  of  very  small  duration.  By  this  plan 
the  cable  is  cleared  much  more  rapidly,  and  consequently  an 
increased  speed  attained  for  messages. 

Fig.  92  shows  the  arrangement  of  one  of  these  keys,  which  is 
technically  known  as  the  "curb  key,"  from  curbing  the  suc- 
cessive currents.  The  apparatus  consists  of  the  key  N,  which 
when  at  rest  locks  the  cam  B  by  means  of  the  detent  G.  On  the 
key  being  pressed  down  it  lifts  the  detent  and  allows  the  cam, 
which  is  attached  to  an  axle  driven  by  clockwork,  to  revolve.  As 
the  cam  rotates  projections  from  it  successively  raise  and  release 
contact  springs,  putting  the  battery  poles  in  circuit  with  the 
cable  and  earth  alternately  in  opposite  directions,  and  each 
contact  is  thus  maintained  for  the  exact  time  necessary  to- 
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produce  the  calculated  effect.      The  number  of  projections  in 
the  cams  and  the  arc  subtended  by  each  are  of  course  deter- 


Fig.  92.— Transmitting  Apparatus  proposed  for  the  Atlantic  Cable. 

mined  by  experiment,  and  are  varied  with  the  nature  of  the 
signal  to  be  produced. 

If,  for  instance,  a  dot  and  dash  alphabet  similar  to  the  Morse 
recording  system  is  used,  two  keys  are  employed,  one  releasing 
a  cam  to  make  a  dot  by  means  of  compensating  currents  of 
short  duration,  say  5  per  cent. ;  and  the  other  a  cam  arranged 
to  transmit  the  long  mark,  or  dash,  by  contacts  of  longer 
duration,  say  20  £er  cent. 

The  strength  of  the  signals  may  also  be  varied  by  applying  a 
greater  or  less  battery  power,  and  thus  four  distinct  effects  may 
be  shown  at  the  distant  end  of  the  cable:  for  instance,  (1)  a 
feeble  signal  of  short  duration  and  positive  sign ;  (2)  a  similar 
signal  of  negative  sign  ;  (3)  a  signal  of  greater  strength  or 
duration,  and  of  positive  sign ;  (4)  a  signal  similar  to  that  last 
mentioned,  and  negative  in  sign.  Of  course  an  alphabet  in 
which  four  signs  take  part  can  be  composed  of  a  much  shorter 
series  of  combinations,  than  one  in  the  construction  of  which 
only  two  signs  take  part. 

The  high  state  of  insulation  and  conductivity  of  the  cables  is 
such,  however,  that  it  has  not  been  found  necessary  to  use  any 
complicated  form  of  sending  apparatus  such  as  the  curb-key ; 
but  the  ordinary  recording  keys  are  used  instead,  with  a  set  of 
condensing  plates  in  circuit. 

At  first  the  cables  were  worked  slowly  and  at  a  rate  of  about 
eight  words  per  minute,  but  this  soon  improved  as  the  staff 
became  more  accustomed  to  the  apparatus,  and  has  steadily  in- 
creased up  to  fifteen,  and  even  seventeen  words  per  minute  on 
each  cable. 

In  order  to  reduce  the  effect  of  earth  currents  (or  those 
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resulting  from  terrestrial  magnetism),  which  frequently  flow 
strongly  in  various  directions  and  interfere  somewhat  with 
signalling,  the  earth  connections  of  the  cables  have  been  carried 
several  miles  out  to  sea  by  means  of  short  independent  lengths 
of  cable.  The  more  equable  temperature  and  small  magnetic 
variation  of  the  sea  have  thus  diminished  greatly  the  earth 
currents  passing  through  the  cables. 

137.  The  charge  for  transmission  was  at  first  restrictive,  the 
company  being  fearful  of  blocking  up  the  cables.     For  three 
months  the  tariff  was  207.  for  a  message  of  20  words ;  but  not- 
withstanding this    almost  prohibitory  rate  of  17.    per  word, 
several  messages  exceeding  800  words  each  were  sent ;  one  con- 
veying a  report  for  the  "  New  York  Herald,"  of  the  fight  for 
the  Championship  between  Mace  and   Goss ;    and  another  a 
verbatim  copy  of  the  King  of  Prussia's  speech  to  the  German 
Parliament  after  the  conclusion  of  peace  with  Austria.      The 
birth  of  a  son  was  also  announced  in  the  London  "Times," 
"  by  Atlantic  telegraph,"  the  happy  event  having  taken  place 
at  New  York  a  day  or  two  before.     The  tariff  was  reduced  on 
the  1st  of  November  to  107.  per  message  of  20  words. 

138.  Upon  the  return  of  the  Great  Eastern  and  other  vessels  to 
England,  public  dinners  were  given  to  Messrs.  Glass,  Canning, 
Clifford,  Anderson,  Prof.  Thomson,  Moriarty,  and  others  con- 
nected with  the  expedition ;  and  her  Majesty  recognised  their 
great  services  by  conferring  knighthood  and  other  honours  upon 
some  of  those  most  prominently  engaged  in  the  undertaking. 
Of  so  much  importance,  indeed,  was  the  Atlantic  telegraph  con- 
sidered, that  it  formed  a  prominent  topic  of  the  Queen's  Speech 
upon  proroguing  Parliament,  as  the  following  extract  shows : — 

"Her  Majesty  has  great  satisfaction  in  congratulating  the  country  and 
the  world  at  large  on  the  successful  accomplishment  of  the  great  design 
of  connecting  Europe  and  America  by  the  means  of  an  electric  telegraph. 
It  is  hardly  possible  to  anticipate  the  full  extent  of  the  benefits  which 
may  be  conferred  on  the  human  race  by  this  signal  triumph  of  scientific 
enterprise,  and  her  Majesty  has  pleasure  in  expressing  her  deep  sense 
of  what  is  due  to  the  private  company  which,  in  spite  of  repeated  failure 
and  discouragement,  has  at  length  for  the  second  time  succeeded  in  esta- 
blishing direct  communication  between  the  two  continents.  Her  Majesty 
trusts  that  no  impediment  may  occur  to  interrupt  the  success  of  this 
great  undertaking,  calculated,  as  it  undoubtedly  is,  to  cement  yet  closer 
the  ties  which  bind  her  Majesty's  North  American  colonies  to  their  mother 
country,  and  to  promote  the  unrestricted  intercourse  and  friendly  feeling 
which,  it  is  most  desirable  should  subsist  between  her  Majesty's  dominions 
and  the  great  Republic  of  the  United  States." 

139.  Since  the  opening  of  the  cables  the  Astronomer  Eoyal 
arranged  with  the  Electric  and  Magnetic  companies  for  the  use 
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of  a  through  wire  from  Greenwich  to  Yalentia ;  and  in  concert 
with  Dr.  Gould  carried  on  a  series  of  experiments  between  the 
Koyal  Observatory  and  the  station  at  Foilhommerum,  and 
thence  through  the  Atlantic  cables  to  Newfoundland  and  the 
American  stations,  in  order  to  determine  the  exact  longitude  of 
places  upon  the  American  continent,  so  as  absolutely  to  verify 
or  correct  previous  calculations.  These  experiments  were  suc- 
cessfully carried  out  during  November,  1866. 

140.  To  show  how  exceedingly  small  an  electric  charge  may 
be  made  to  produce  signals  through  the  Atlantic  cables;  during 
the  experiments  carried  on  by  Dr.  Gould  at  Valentia,  Mr. 
Collett,  the  superintendent  at  Newfoundland,  actually  sent  a 
message  with  a  battery  composed  of  a  copper  percussion  cap  and 
a  small  strip  of  zinc,  ivhich  were  excited  by  a  drop  of  acidulated 
ivater  the  simple  lullc  of  a  tear  I 


Fig.  93.— Bright's  Acoustic  Telegraph. 


CHAPTER  X. 

SIGNALLING  APPARATUS. 

141.  Needle  and  acoustic  instruments. — 142.  Messrs.  Cooke  and  Wheat- 
stone's  double  and  single  needle. — 143.  Highton's  needle. — 144. 
Henley's  magnetic  needle. — 145.  Bright's  acoustic. — 146.  Breguet's 
angle  indicator. 

141.  IN  entering  upon  a  consideration  of  the  various  kinds  of 
telegraphic  instruments  in  use,  it  has  appeared  desirable  to 
classify  them ;  first,  describing  those  producing  signs  by  the  com- 
binations of  movements  of  magnetised  needles  or  beats  of  bells ; 
secondly,  apparatus  making  conventional  marks  upon  paper; 
thirdly,  instruments  indicating  the  letters  of  the  alphabet  upon 
a  dial,  by  the  step-by-step  movement  of  a  pointer  or  index ; 
fourthly,  apparatus  contrived  to  actually  print  the  letters  of  the 
alphabet  upon  paper.  The  second,  third,  and  fourth  classes  are 
necessarily  much  more  complicated  than  the  first,  requiring 
escapements  or  trains  of  wheels  to  work  them ;  and,  therefore, 
the  more  simple  forms  are  those  first  dealt  with. 

These  different  methods  of  communicating  are  applicable  to 
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the  varied  conditions  under  which  they  are  required ;  those  of  a 
simple  and  inexpensive  kind  are  specially  adapted  for  railway 
purposes  and  minor  stations,  where  the  operators  are  railway 
porters  or  clerks  not  possessed  of  the  amount  of  knowledge 
requisite  for  taking  charge  of  and  regulating  the  more  complex 
apparatus  in  use  on  important  circuits,  where  large  numbers  of 
messages  have  to  be  transmitted  daily,  and  where  there  are 
skilled  mechanics  at  hand  to  set  right  any  derangement. 

It  may  be  taken  as  a  rule  that  when  simplicity  is  combined 
with  a  high  speed  of  transmission  and  accuracy,  the  apparatus 
becomes  the  more  capable  of  general  application. 

The  telegraphic  instruments  used  to  a  large  extent  on  the 
railways  and  at  the  minor  stations  in  this  country,  are  galvano- 
meters, which  make  their  signals  by  means  of  the  deflections  of 
magnetic  needles,  produced  by  the  electric  current. 

These  instruments  are  of  two  forms,  the  first,  and  most  simple, 
consisting  of  one  needle  with  its  accessories,  and  the  other  of 
two  independent  needles,  each  accompanied  by  its  own  ap- 
pendages. They  are  modifications  of  Messrs.  Cooke  and 
"Wheatstone's  first  telegraphs. 

THE  SINGLE  NEEDLE  INSTRUMENT. 

142.  This  instrument  consists  of  a  galvanometer  and  a  com- 
mutator, mounted  in  a  case  resembling  in  form  and  size  that  of 
an  ordinary  table  time-piece. 

A  front  view  of  it  is  given  in  fig.  94.  On  the  upper  part  is  a 
dial,  in  the  centre  of  which  the  indicating  needle  appears,  like 
the  hand  of  a  clock,  fixed  upon  an  axis.  Its  play  to  the  right 
and  left  is  limited  by  two  ivory  studs  inserted  in  the  face  of  the 
dial,  a  short  distance  on  each  side  of  its  upper  arm. 

The  handle  which  works  the  commutator,  also  fixed  upon  an 
axis,  is  presented  at  the  lower  part  of  the  case,  under  the  dial. 

Upon  the  dial  are  engraved  the  letters  of  the  alphabet,  the 
ten  numerals,  and  one  or  two  arbitrary  symbols,  under  each  of 
which  is  engraved  a  mark,  indicating  the  motions  of  the  needle, 
by  which  the  letter  or  figure  is  expressed. 

The  galvanometer  is  attached  to  the  back  of  the  dial,  the  axis 
of  its  magnetic  needle  passing  through  the  dial,  and  carrying 
the  indicating  needle  in  front. 

The  latter  is  also  usually  magnetic,  its  poles  being  reversed 
in  their  direction  with  relation  to  those  of  the  interior  needle, 
the  effect  of  which  is,  that  the  current  transmitted  through  the 
galvanometer  has  a  tendency  to  deflect  both  needles  in  the  same 
direction.  The  indicating  needle,  however,  need  not  be  mag- 
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netic.  If  it  be  sufficiently  light,  being  free  from  magnetism,  it 
will  be  carried  by  the  axis  to  the  right  or  left  against  the  studs, 
by  the  deflections  of  the  galvanometric  needle  which  plays 

within  the  coils  of  the  gal- 
vanometer, to  which  it  is 
always  parallel. 

In  connection  with  the  in- 
strument there  are,  as  usual, 
an  alarum  and  a  galvanic 
battery. 

By  the  commutator,  the 
current  produced  by  the  bat- 
tery may  be  transmitted  upon 
the  line-wire,  or  suspended 
or  reversed  in  its  direction, 
according  to  the  position 
given  to  the  handle.  If  the 
handle  be  vertical,  as  repre- 
sented in  the  figure,  the 
current  is  suspended,  the 
arrangement  of  the  commu- 
tator being  then  such  as  to 
cut  off  all  communication 
between  the  battery  and  the 
line-wire.  If  the  upper  arm 
of  the  handle  be  turned  to 
the  right,  the  battery  will 
Cooke  be  connected  with  the  line- 
wire,  on  which  accordingly 
the  current  will  be  transmitted.  If  the  upper  arm  be  turned 
to  the  left,  the  battery  will  still  be  connected  with  the  line- 
wire,  but  with  its  poles  reversed,  so  that  the  direction  of  the 
current  on  the  line-wire  will  be  reversed. 

To  comprehend  the  practical  operation  of  the  instrument,  we 
are  to  consider  that  similar  instruments,  with  similar  accesso- 
ries, are  placed  at  each  of  the  stations  between  which  despatches 
are  to  be  transmitted.  To  render  the  explanation  more  clear, 
let  s  and  s',  fig.  95,  be  the  two  stations,  o  and  o'  the  dials,  c 
and  c7  the  handles  of  the  commutators,  and  B  and  B'  the  gal- 
vanic batteries.  If  it  be  intended  to  send  a  despatch  from  s'  to 
s,  the  arm  of  the  commutator,  c,  is  left  in  its  vertical  position, 
so  that  no  current  can  pass  from  the  battery,  B,  to  the  line- 
wire,  L.  When  the  arm  of  c'  is  vertical,  no  current  can  pass 
from  B'  to  L,  and  consequently  the  needle  of  o  will  remain  in 
the  vertical  direction,  without  deflection.  If  the  upper  arm  of  C7 


Fig.  94.— Single  needle  telegraph, 
and  Wheatstone. 
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be  turned  to  the  right,  r,  the  current  from  B'  passing  along  I/, 
will  flow  through  the  coil  of  the  galvanometer  at  s,  and  will 
deflect  the  indicating  needle  to  the  right,  so  that  it  will  lean 
upon  the  right  hand  stud,  B.  If  c'  be  then  turned  back  to  the 


pig.  95. 


vertical  direction,  the  current  will  be  suspended,  and  the  needle 
at  s  will  return  to  the  point  0.  If  the  upper  arm  of  c'  be  then 
turned  to  the  left,  /,  the  current  will  be  again  transmitted  upon 
the  line-wire,  L,  but  in  a  direction  contrary  to  its  former  course ; 
and  thus  passing  through  the  galvanometer  at  s,  in  a  contraiy 
direction,  the  needle,  which  was  before  deflected  to  the  right 
hand  stud,  B,  will  now  be  deflected  to  the  left  hand  stud,  L. 

Thus,  it  appears  that,  according  as  the  upper  arm  of  c'  is 
turned  to  the  right  or  left,  or  placed  in  the  vertical  position,  the 
needle  on  the  dial  at  s  is  also  turned  to  the  right  or  left,  or 
placed  in  the  vertical  position. 

In  a  word,  whatever  position  is  given  to  the  handle  of  the 
commutator  at  s',  a  corresponding  position  is  assumed  by  the 
indicating  needle  at  s,  and  these  changes  of  position  of  the  indi- 
cating needle  at  s  are  absolutely  simultaneous  with  the  changes 
of  position  of  the  handle  of  the  commutator  at  s'. 

The  manner  of  expressing  the  letters  and  figures  is  by  making 
repeated  deflections  of  the  needle  right  and  left,  making  a  short 
pause  at  the  end  of  each  letter- signal.  Thus,  two  deflections  to 
the  left  express  A ;  three,  B ;  four,  c ;  while  one  expresses  the 
completion  of  a  word.  One  to  the  right  expresses  M ;  two,  N ; 
three,  o ;  and  four,  p.  In  the  same  manner,  L  is  expressed  by 
four  deflections,  which  are,  successively,  right,  left,  right,  and 
left. 

As  these  signs  are  purely  arbitrary,  and  may  be  changed  in 
every  independent  telegraph,  it  is  not  necessary  here  to  notice 
them  further. 

Besides  the  signals  which  express  letters  and  figures,  it  is  usual 
to  adopt  others  to  express  words  or  phrases  of  very  frequent 
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occurrence,  such  as,  "I  don't  understand,"  "  I  understand," 
"  Wait,"  "  Go  on,"  "  Kepeat,"  &c. 

It  is  usual,  though  not  necessary,  for  the  agent  who  sends  a 
despatch,  to  pass  the  current  through  his  own  instrument,  so 
that  his  indicating  needle  shows  exactly  the  same  deflections  as 
the  indicating  needle  of  the  station  he  addresses.  Thus,  when  s' 
addresses  s,  his  own  indicating  needle,  </,  speaks  as  well  as  the 
indicator,  o,  of  the  station,  s. 

All  that  has  been  stated  of  the  transmission  of  the  same 
despatch  through  a  series  of  stations,  of  cutting  off  the  trans- 
mission from  all  stations  except  that  to  which  it  is  exclusively 
addressed,  of  the  use  of  the  alarum,  &c.,  is  applicable,  without 
any  important  modification,  to  this  form  of  telegraphic  instru- 
ment. 

THE  DOUBLE  NEEDLE  TELEGEAPH. 

This  is  nothing  more  than  two  single  needle  telegraphs, 
such  as  has  been  just  explained,  mounted  in  the  same  case, 
their  indicating  needles  playing  side  by  side  upon  the  same 
dial,  and  the  handles  of  their  commutators  placed  so  that  they 
can  be  conveniently  worked  at  the  same  time,  by  the  right  and 
left  hand  of  the  telegraphic  agent.  Each  instrument  is  alto- 
gether independent  of  the  other,  having  separate  accessories, 
and  transmitting  its  current  upon  a  separate  line-wire;  and, 
therefore,  twice  the  expenditure  in  the  construction  and  main- 
tenance of  wires  is  required  in  the  use  of  the  double -needle 
apparatus,  as  compared  with  those  instruments  which  are  worked 
through  a  single  wire  ;  while  it  has  been  found  in  practice  that 
the  increase  of  speed  obtained  from  the  use  of  two  wires  in  one 
instrument  is  not  proportionately  greater.  For  this  reason,  the 
use  of  the  double-needle  apparatus  has  much  decreased,  and 
would  probably  be  altogether  discontinued  but  for  many  of  the 
railway  employes  being  accustomed  to  the  interpretation  of  its 
signals.  It  is  a  far  more  difficult  instrument  to  learn  than  the 
single-wire  telegraphs,  owing  to  the  necessity  for  the  movements 
of  both  needles  to  be  noted  at  the  same  time  by  the  eyes  of  the 
clerk. 

The  purpose  of  this  form  of  instrument  is  merely  to  accelerate 
the  transmission  of  despatches,  by  enabling  the  agent  to  produce 
the  signals  expressing  letters  and  figures  in  more  rapid  suc- 
cession. In  the  single  instrument  there  are  only  two  signs 
made  by  one  deflection  of  the  needles,  viz.,  a  deflection  to  the 
right  and  one  to  the  left.  In  the  double  instrument  there  are 
eight  such  signs,  viz.,  two  with  each  needle,  as  in  the  single 
instrument,  and  four  obtained  by  combining  the  deflections  of 
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the  two  needles.  Thus,  if  o  express  the  position  of  the  needle 
without  deflection,  r  a  right  hand,  and  I  a  left  hand  deflection, 
and  E,  the  right  hand,  and  L  the  left  hand  needle,  the  following 
eight  signals  may  be  made  in  the  time  of  a  single  motion  of 
either  needle : — 

Fig.  96. 


With  a  single  needle  two  deflections  can  only  make  four 
signals,  viz.,  rr,ll,rl,  Ir.  But  with  two  needles,  these  being 
combined  with  single  deflections  and  with  each  other,  a  greater 
number  of  different  signals  can  be  obtained  than  are  sufficient 
to  express  the  letters  and  numerals,  each  being  made  in  the 
time  necessary  for  two  deflections  of  a  single  needle. 

A  front  view  of  a  double-needle  telegraph  is  given  in  the 
figure  at  the  head  of  Chapter  I. 

The  small  case  at  the  top  contains  the  alarum,  and  the  small 
handle  at  the  side  of  the  large  case  is  the  commutator  by  which 
the  current  is  turned  on  and  off  the  alarum.  The  two  large 
handles  which  appear  in  front  are  those  of  the  commutators, 
which  produce  the  changes  of  direction  of  the  current,  and  when 
inclined  to  the  right  or  left  the  needles  acted  on  by  the  current 
assume  a  like  position. 

143.  A  modification  of  Messrs.  Cooke  and  Wheatstone's  single 
needle  instrument  was  introduced  by  the  late  Mr.  Highton, 
which  was  brought  into  considerable  use.  In  his  apparatus  a 
circular  magnet  and  coil  were  employed,  in  order  to  reduce  the 
vibration  arising  after  the  movement  of  the  long  needles  adopted 
by  Messrs.  Cooke  and  Wheatstone. 
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THE  MAGNETIC  NEEDLE  TELEGRAPH. 

144.  The  British  and  Irish  Magnetic  Telegraph  Company,  at 
first  retaining  the  needle-indicators  generally  used  in  England, 
employed  the  magneto -electric  in  place  of  the  voltaic  current  on 
many  of  their  lines.  The  instruments  they  adopted  are  those 


which  were  patented  by  Messrs.  Henley  and  Forster,  with  some 
modifications  introduced  by  Messrs.  Bright. 

This  form  of  telegraph  is  shown  in  fig.  97. 

The  current  is  produced  by  electro-magnets,  whose  poles  are 
moved  in  close  proximity  with  those  of  strong  compound  per- 
manent magnets.  These  latter  are  represented  at  A  (fig.  97). 
At  their  poles  a  straight  piece  of  soft  iron  is  placed,  by  the  in- 
ductive influence  of  which  the  magnetism  of  the  several  bars 
composing  the  compound  magnet  is  collected  and  combined. 
The  electro-magnets  are  formed  in  the  usual  way,  and  are 
mounted  on  centres  on  which  they  are  turned  by  levers,  which 
project  from  either  side  of  the  case,  so  that  the  agent  can  work 
one  with  each  hand. 

When  these  levers  are  pressed  down,  the  electro-magnets  are 
reversed  in  the  relation  of  their  poles  to  those  of  the  permanent 
magnets,  and  momentary  currents  are  transmitted  on  the  con- 
ducting wires;  and  when  the  levers  are  observed  to  rise  to 
their  former  position,  momentary  currents  are  again  transmit- 
ted, but  in  a  contrary  direction. 

THE  ACOUSTIC  TELEGRAPH. 

145.  The  ordinary  double-needle  telegraph,  described  at  the 
commencement  of  this  chapter,  has  given  way  to  the  Morse 
recording  instrument  on  all  the  important  lines  of  the  Electric 
Company ;  and,  in  like  manner,  the  acoustic  telegraph,  an  im- 
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proved  method  of  signalling  by  sound,  instead  of  by  visual  signals, 
introduced  in  1854  by  Messrs.  Bright,  has  superseded  the  double- 
needle  magnetic  instrument  on  the  British  and  Magnetic  wires. 
Dr.  Noad,  in  his  "  Manual  of  Electricity,"  refers  to  this  im- 
provement as  follows : — "  Under  the  ordinary  system  of  tele- 
graphing, it  is  necessary  to  employ  a  transcriber  to  write  down 
the  words  as  interpreted  from  the  visual  signals  and  dictated  to 
him  by  the  receiving  operator,  whose  eyes  being  fixed  on  the 
rapidly-moving  needles,  could  not  be  engaged  in  conjunction 
with  his  hands  in  writing.  It  was  found  that,  owing  to  the 
frequent  occurrence  of  words  of  nearly  similar  sound,  the  tran- 
scriber sometimes  unavoidably  misunderstood  the  meaning  of 

Fig.  98. 


the  receiving  operator,  and  altered  the  sense  of  the  despatch  by 
writing  the  wrong  word.  Such  words  as  two,  too,  to;  four, 
for ;  hour,  our ;  may,  for  instance,  be  very  easily  confounded." 
Such  errors  cannot,  however,  arise  when  the  clerk  who  has 
heard  each  word  pass  through  the  acoustic  telegraph,  letter  by 
letter,  is  able,  from  his  eyes  being  at  liberty,  to  write  what  he 
has  received  without  the  aid  of  an  amanuensis.  Besides  the 
saving  in  staff  and  in  mistakes,  any  injury  to  the  eyes  of  the 
clerks  is  prevented,  and  an  appeal  is  made  to  an  organ  far  better 
capable  of  endurance  and  accurate  interpretation. 

The  acoustic  apparatus  used  is  very  simple,  consisting  of  a 
hammer  in  connection  with  a  lever,  which  is  acted  upon  by 
every  polarisation  of  a  set  of  electro-magnets  by  the  local 
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current,  and  thereupon  strikes  a  small  bell.  A  pair  of  these 
bells  are  connected  to  each  wire ;  one  bell  is  struck  upon  the 
passage  of  the  positive,  and  the  other  of  the  negative  current, 
the  alphabet  being  readily  formed  by  the  difference  in  their 
tone  and  the  number  of  beats. 

The  nature  of  this  apparatus  is  shown  in  fig.  98,  where  a 
represents  the  hammer  of  the  bell,  held  back  to  a  stop  by  a 
flexible  spring.  The  rod  of  the  hammer  is  fixed  to  the  pro- 
jecting horns  of  the  moveable  soft  iron  core  of  an  electro- 
magnet V.  The  electro-magnet  V  is  fixed  opposite  to  a  horse- 
shoe electro-magnet  b ;  and  the  connections  are  so  arranged 
that  on  the  current  passing  from  the  relay,  the  electro -magnets 
are  polarised  with  their  opposite  poles  to  one  another.  Upon  a 
current  passing,  the  bell  is  at  once  struck,  and  the  bell  being 
muffled  so  as  to  produce  a  short  sound,  the  blow  may  be 
repeated  as  rapidly  as  desired  without  any  vibration  from  one 
sound  interfering  with  that  succeeding  it.  One  bell  is  placed 
on  one  side,  and  one  on  the  other  of  the  clerk. 

A  local  battery  supplies  the  mechanical  power  required  to 
strike  the  bells.  The  battery  is  put  in  connection  with  either 
bell  according  to  the  current,  positive  or  negative,  passed 
through  a  relay,  the  arrangement  of  which  is  shown  in  fig.  93. 

The  keys  with  which  currents  are  sent  to  work  this  apparatus 
are  of  a  simple  commutating  form.  By  pressing  down  one  key 
the  current  is  made  to  pass  in  one  direction,  and  in  the  reverse 
when  the  other  key  is  used. 

This  form  of  telegraph,  like  the  Morse  instruments,  only  re- 
quires one  wire ;  but  in  point  of  speed  it  has  a  great  advantage, 
as  it  utilises  both  positive  and  negative  currents,  while  the 
Morse  is  only  available  for  one  current.  The  alphabet  of  the 
Morse  system  is  composed  of  dots  and  long  marks,  the  long 
mark  being  produced  by  holding  on  the  current  with  the 
sending  key  about  three  times  the  length  of  the  dot ;  but  in  the 
acoustic  telegraph  the  two  signs,  requisite  in  their  combination 
to  form  the  alphabet,  are  produced  by  beats  on  the  two 
differently  pitched  bells;  each  beat  being  the  equivalent  in 
time  to  a  dot  on  the  Morse  instrument,  so  that  the  acoustic 
alphabet  only  occupies  about  half  the  time  of  the  Morse. 

This  is  found  to  be  practically  arrived  at  on  the  busy  lines  of 
the  Magnetic  Company,  where  a  speed  of  35  to  40  words  per 
minute  is  frequently  attained  on  long  despatches  transmitted 
upon  a  single  wire  by  the  acoustic  apparatus. 

In  forming  the  alphabet  the  most  simple  combinations  of 
beats  are  used  to  express  those  letters  most  frequently  re- 
quired. 
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146.  When  the  establishment  of  lines  of  electric  telegraphs 
was  proposed  in  France,  the  old  aerial  telegraph  was,  and  had 
been  for  more  than  half  a  century,  in  operation,  and  formed  a 
department  in  the  public  administration  of  considerable  im- 
portance, employing  an  extensive  body  of  agents,  dispersed 
throughout  the  country,  most  of  whom  were  specially  instructed 
and  qualified  for  the  business. 

The  commission  appointed  by  the  government  required  that 
the  electro-telegraphic  instruments  should  exhibit  the  same 
signals  as  had  been  already  used  in  the  case  of  the  former  tele- 
graph. 

The  old  telegraph  consisted  of  a  long  straight  bar,  E  B,', 
fig.  99,  called  a  regulator,  to  the  extremities  of  which  two 
shorter  bars,  r  r7,  called  indicators,  were  attached  by  pins  or 
pivots,  so  that  each  indicator  was  capable  of  turning  on  its 
pivot,  so  as  to  make  any  desired  angle  with  the  regulator. 


Fig.  99. 


If  we  suppose  the  circle  described  by  each  indicator  to  be 
divided  into  eight  equal  arcs  of  45°,  and  that  any  convenient 
mechanism  is  provided,  by  which  the  agent  who  conveys  the 
signals  can  at  will  give  to  each  indicator  any  of  these  eight 
positions,  each  indicator  would  be  capable  of  making  eight 
signals,  and  by  combining  these  in  pairs,  the  two  indicators 
worked  together  would  be  capable  of  giving  sixty- four  signals. 

It  is  evident  that  even  this  large  number  of  signals  might  be 
further  multiplied,  by  giving  to  the  regulator  itself  a  motion 
round  its  centre,  so  that  it  might  at  will  assume  the  horizontal 
or  vertical  position,  or  might  take  an  intermediate  direction. 

In  transferring  this  system  of  signals  to  the  electric  tele- 
graph, the  regulator  is  supposed  to  be  placed  permanently  hori- 
zontal, and  the  two  indicators  to  be  capable  of  receiving  any  of 
the  eight  positions  here  explained. 

The  telegraph  contrived  by  M.  Breguet,  to  exhibit  such  a 
system  of  signals,  consists,  like  the  double  needle  telegraph, 
of  two  distinct  and  perfectly  similar  instruments,  one  for  each 
of  the  indicators.  They  are  mounted  side  by  side  with  their 
accessories  in  the  same  case,  at  a  distance  apart  sufficient  to 
allow  the  indicators  to  revolve  without  mutual  obstruction,  and 

L  2 
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sufficiently  near  each  other  to  allow  the  same  person  to  work 
both  at  the  same  time  with  his  right  and  left  hand. 

Each  instrument  consists  of  an  indicating  apparatus  and  a 
commutator. 

A  view  of  the  indicating  apparatus  is  given  in  fig.  100.  The 
two  indicators  are  fixed  upon  axes  placed  in  the  same  hori- 


Fig.  100. — Keceiving  Apparatus. 

zontal  line  upon  the  dial.  These  axes,  passing  through  the 
dial,  carry  behind  it  two  escapement  wheels,  which  are  con- 
trolled by  two  anchors  acted  upon  by  the  armatures  of  two 
electro-magnets,  from  which  they  receive  vibrations,  like  those 
of  a  pendulum.  The  escapement  wheels  are  impelled  by  the 
force  of  two  main-springs,  transmitted  to  them  by  two  similar 
trains  of  clock-work. 

Thus,  for  each  swing  of  the  anchor,  the  indicator  makes  one 
motion  forward,  and  as  the  escapement  wheels  have  each  only 
four  teeth  at  equal  distances,  one  complete  revolution  of  these 
wheels  must  cause  the  indicators  to  make  a  complete  revolution 
by  eight  distinct  motions,  produced  by  the  four  swings  of  the 
anchor  to  the  right,  and  the  four  swings  to  the  left. 

During  a  revolution  of  each  of  the  escapement  wheels,  there- 
fore, each  of  the  indicators  takes  successively  the  eight  positions 
required  in  the  proposed  system  of  signals,  and  since  the  motions 
of  the  indicators  are  governed  by  the  anchors,  those  of  the 
anchors  by  the  armatures  of  the  electro-magnets,  and  those 
of  the  electro-magnets  by  the  successive  pulsations  of  the 
electric  current,  it  follows  that  if  it  can  be  contrived  that  com- 
mutators at  one  of  the  stations  shall  govern  the  pulsations  of 
the  current  at  the  other,  they  will  necessarily  govern  the  motion 
of  the  indicators  at  that  other  station. 
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At  the  upper  corners,  right  and  left  of  the  front  of  the  case, 
are  two  dials,  in  the  centre  of  which  are  axes,  which  act,  when 
turned,  upon  the  springs  which  draw  back  the  armatures  of  the 
two  electro -magnets,  and  near  them  keys  for  their  adjustment 
are  suspended  by  chains.  The  springs  are  raised  or  relaxed, 
according  as  the  keys  are  turned  in  the  one  direction  or  the 
other. 

Under  the  indicating  arms  are  two  axes  with  square  ends,  by 
which  the  two  systems  of  clock-work  can  be  wound  up,  which  is 
done  by  the  same  keys. 

It  remains,  therefore,  to  show  the  manner  in  which  the 
pulsations  of  the  current  are  governed  by  the  commutator. 

One  of  the  commutators  is  represented  in  fig.  101. 

The  handle  M  is  fixed  upon  an  axis  which  turns  in  the  centre 
of  a  fixed  disc  D,  the  edge  of  which  is  divided  into  eight  equal 
parts  by  small  notches.  A  short 
pin  projects  from  the  handle 
which  falls  successively  into 
these  notches,  but  which  can  be 
withdrawn  from  them  when  it 
is  required  to  turn  it.  On  the 
remote  end  of  this  axis  a  disc 
is  fixed,  which  turns  with  it,  in 
the  face  of  which  a  square 
groove  is  cut,  rounded  at  the 
corners,  in  which  a  pin  project- 
ing from  a  short  lever  I  is 
moved.  This  lever  I  is  fixed  on 
the  axis  c  c,  upon  the  other  end 
of  which  is  fixed  the  lever  L, 
the  lower  end  of  which  carries  a 
small  piece  of  metal  r,  which, 
when  the  lever  vibrates  right 
and  left,  is  thrown  alternately 
against  the  contact-piece  K  and 

Supposing  that  the  commu- 

tator  ifplaced  at  the  station  s,  «*  101-Sendins  *™™^ 
the  line-wire  which  comes  from  the  station  s'  enters  the  foot,  and 
is  held  there  by  a  tightening  screw  A.  This  wire  is  in  metallic 
connection,  through  the  pillar,  with  the  lever  L,  and  conse- 
quently with  the  piece  of  metal  at  its  lower  end,  which  oscillates 
between  the  contact-pieces  K  and  K'.  This  piece  of  metal,  r, 
may  therefore  be  considered  as  virtually  the  extremity  of  the 
conducting  wire  between  the  stations  s  and  s'. 
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Attached  in  like  manner,  by  tightening-screws,  to  the  two 
contact-pieces  K  and  K'  are  two  wires,  one  of  which  is  connected 
with  the  battery,  and  the  other  with  one  end  of  the  coil-wire  ol 
the  electro-magnet,  in  the  indicating  instrument  of  the  station. 
The  other  end  of  this  coil-wire  is  either  connected  with  the 
line-wire  which  proceeds  to  the  succeeding  station,  or  with  the 
earth,  at  the  option  of  the  agent,  a  commutator  being  provided 
by  which  this  change  of  direction  may  be  made. 

The  arrangement  of  the  apparatus  is  such,  that  when  the 
handle  M  of  the  commutator  is  presented  vertically  upwards,  as 
represented  in  the  figure,  the  pin  being  in  the  highest  notch, 
the  lever  L  presses  against  the  contact-piece  K. 

Let  the  highest  notch  be  supposed  to  be  numbered  1,  and  the 
others  proceeding  round  the  disc,  in  the  direction  of  the  motion 
of  the  hand  of  a  clock,  be  numbered  successively  2,  3,  4,  5,  6, 
7,  and  8. 

The  arm  M  being,  as  represented  in  the  figure,  in  the  notch  1, 
let  it  be  moved  to  the  notch  2.  The  lever  L  being  moved  to  the 
right,  the  piece  r  will  be  thrown  upon  E/.  Being  then  in  con- 
nection with  the  battery- wire,  the  current  will  pass  by  r  and  L 
to  A,  and  thence  by  the  line-wire  to  the  corresponding  point 
of  the  commutator  at  the  distant  station,  and  thence  through 
the  pillar  to  the  lever  L'  and  the  piece  r.  But  since,  as  has 
been  just  explained,  M7  is  in  the  notch  1',  the  piece  r'  must  rest 
against  K.  The  current,  therefore,  arriving  at  this  point,  will 
pass  from  K  by  the  wire  to  the  coil  of  the  distant  instrument  to 
which  it  will  impart  magnetism,  so  that  it  will  attract  the 
armature,  and  move  the  anchor  of  the  escapement,  so  as  to 
make  the  indicator  move  from  the  vertical  position  45°  in  the 
direction  of  the  hand  of  a  clock. 

If  the  handle  M  be  now  moved  from  notch  2  to  notch  3,  the 
lever  L  will  be  thrown  back  to  K,  and  the  contact  with  E;'  being 
broken,  the  current  will  be  suspended,  and  the  electro-magnet 
at  s'  losing  its  power,  the  armature  will  recoil  from  it  by  the 
action  of  the  spring,  and  the  anchor  of  the  escapement  being 
again  moved,  the  indicator  will  be  advanced  through  another 
angle  of  45°,  and  will  be  then  in  the  horizontal  position  pointing 
to  the  right. 

In  like  manner,  it  may  be  shown  that  when  the  arm  M  is 
moved  from  the  notch  3  to  the  notch  4,  the  indicator  will  be 
moved  from  the  horizontal  position  to  one  which  will  make  an 
angle  of  135°,  with  its  original  direction,  or  what  is  the  same, 
45°,  with  the  position  in  which  it  would  point  directly  down- 
wards. 

Prom  what  has  been  explained,  the  process  necessary,  as  well 
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for  receiving  as  for  transmitting  a  despatch  will  be  understood. 
In  the  reception  of  a  despatch,  the  agent  has  only  to  place  the 
handle  of  his  commutator  in  notch  1,  and  to  see  that  his  indi- 
cator is  vertical.  After  that  he  has  only  to  observe  the  succes- 
sive attitudes  assumed  by  the  two  indicators  upon  the  dial 
before  him,  and  to  write  down  the  letters  they  successively 
express. 

Since  this  form  of  telegraph  gives  64  signs,  while  26  are  suffi- 
cient for  the  alphabet,  and  10  for  the  numerals,  there  are  24 
signs  disposable  for  abridgments,  such  as  syllables,  words,  and 
phrases  of  most  frequent  occurrence. 

The  battery  employed  in  working  these  telegraphs  is  at  pre- 
sent invariably  that  of  Daniel.  Formerly  Bunsen's  battery 
was  used  at  chief  stations,  where  great  power  is  often  required, 
but  this  has  now  been  discontinued. 

Between  the  point  K'  and  the  battery  a  commutator  is  placed, 
by  means  of  which  the  agent  can  bring  into  action  a  greater  or 
less  number  of  the  pairs  composing  the  battery,  so  as  to  pro- 
portion the  power  to  the  distance  to  which  the  current  is  to  be 
transmitted,  or  to  the  resistance  it  may  have  to  overcome. 


Fig.  102. — Morse's  American  Recording  Telegraph. 


CHAPTER  XL 

SIGNALLING  APPARATUS-c<w*wwgrf. 

Instruments  recording  by  conventional  signs.— 147.  Morse. — 
148.  Froment.— 149.  Bain.— 150.  Bakewell.— 151.   Caselli. 

MORSE'S  TELEGRAPH. 

147.  WE  now  come  to  the  recording  telegraphs,  one  of  which, 
that  invented  by  Prof.  Morse,  and  the  first  telegraph  of  the 
United  States,  is  far  more  extensively  used  than  any  other  in- 
strument ;  having  been  adopted  generally  in  Europe,  and  to  a 
considerable  extent  in  England,  besides  being  nearly  exclu- 
sively used  throughout  the  United  States. 

Although  it  utilises  the  electric  current  in  one  direction  only 
instead  of  in  both,  and  is  not  therefore  so  quick  in  signalling  as 
apparatus  in  which  both  currents  are  turned  to  account,  yet  the 
simplicity  of  arrangement  and  strength  of  mechanism  of  this 
instrument  are  such  that  it  has  become  a  general  favourite. 

A  diagram  of  the  instrument  in  its  most  usual  form  is  given 
in  fig.  102. 

M  is  the  electro-magnet ;  H  is  an  armature  working  on  the 
centre  c  ;  i  an  adjusting  screw  to  limit  the  play  of  the  armature, 
and  prevent  its  contact  with  the  electro-magnet  at  p  ;  d  another 
adjusting  screw  to  limit  its  play  in  the  other  direction;  t  a 
metallic  style  which  marks  by  pressure  a  band  or  ribbon  of 
paper  drawn  from  the  roll  R,  and  carried  between  the  rollers  o 
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and  o' ;  p  the  ribbon  of  paper  discharged  from  the  rollers  o  o', 
after  being  impressed  by  t  with  the  telegraphic  characters ;  I, 
b,  &c.,  clockwork  from  which  the  rollers  o  o'  receive  their 
motion,  by  which  motion  the  ribbon  of  paper  is  drawn  from  the 
roller  E, ;  f  the  spring  which  draws  the  arm  H  of  the  electro- 
magnet from  the  armature ;  s  s  the  upright  pieces  supporting 
the  clockwork ;  B  B  the  base  supporting  the  instrument ;  D,  the 
key  commutator,  by  which  the  current  transmitted  along  the 
line-wire  is  alternately  transmitted  and  suspended;  m,  n,  ra' 
n',  wires  by  which  the  coil  of  the  electro-magnet  and  the  poles 
of  the  station  battery  are  put  in  connection  with  the  line-wires. 
-  The  general  principle  of  this  and  all  similar  apparatus  has 
been  already  so  fully  explained,  that  little  more  need  be  said 
here  to  render  it  intelligible.  If  it  be  desired  to  transmit  a 
despatch  to  a  distant  station,  the  battery  at  the  transmitting 
station  is  put  in  communication  with  the  line-wire,  and  by  the 
action  of  the  key  D  the  current  is  alternately  transmitted  and 
suspended  during  longer  and  shorter  intervals,  which  are  deter- 
mined by  the  conventional  telegraphic  letters.  The  action  of 
the  style  t  against  the  ribbon  of  paper  which  passes  over  it  at 
the  station  receiving  the  despatch,  corresponds  exactly  with  the 
action  of  the  key  D  at  the  station  from  which  the  despatch  is 
transmitted ;  and  combinations  of  longer  and  shorter  marks  or 
lines  and  dots  are  produced  upon  the  ribbon  of  paper  by  its 
pressure,  as  is  shown  in  the  figure. 

The  particular  combinations  of  lines  and  dots  used  to  express 
the  letters  are  obviously  arbitrary.  As  a  matter  of  convenience 
and  means  of  expedition,  the  letters  of  most  frequent  occurrence 
are  expressed  by  the  most  simple  signs,  and  consequently  the 
selection  of  signs  for  the  different  letters  will  vary  with  the 
language  in  which  the  despatch  is  expressed. 

The  following  are  the  telegraphic  characters  usually  adopted 
in  the  Morse  code : — 


A-  — 
B  
C  --  - 
D  
E  - 
F  
G  
H  
I  -- 

j  

K  
L  
M  
N  
0  -   - 

P- 

S  -•- 
T  — 
U  
V  
W    -  
X  
Y  
Z   ---   - 
&  .... 

1 

2 
3 

4 
5 
6 

7 
8 

Numerals.       , 

Q    .  

Q  
K  -  -- 

This  telegraphic  apparatus  being  that  which  has  been  by  far 
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the  most  extensively  brought  into  use,  it  may  be  useful  here  to 
present  the  instrument  and  its  appendages  in  the  form  in  which 
it  has  been  most  recently  constructed  in  the  United  States,  and 
which  has  been  re- 
commended by  the 
American  telegra- 
phic confederation, 
as  being  that  which 
it  would  bo  most 
advantageous  to 
adopt  generally,  so 
that  all  the  parts 
being  manufac- 
tured of  the  same 
pattern  and  size  no 
difficulty  would  be 
found  in  replacing 
any  of  them  in  case 
of  fracture. 

A  perspective 
view  of  the  instru- 
ment, omitting  the 
paper  roller  and 
ribbon,  is  given  in 
fig.  103. 

z.  The  wooden 
base  upon  which 
the  instrument  is 
screwed. 

B.  The  brass  base 
plate  attached  to 
the  wooden  base  z. 

A.  The  side  frames 
supporting  the  me- 
chanism. 

h,h.  Screws  which 
secure  the  trans- 
verse bars  connect- 
ing the  side  frames. 

G.  The   key   for 

winding      up      the  mS- 104.— Relay  for  Morse  Instrument. 

drum  containing  the  mainspring,  or  supporting  the  weight, 
according  as  the  mechanism  is  impelled  by  one  or  the  other 
power. 

3,4.  Clock-work. 
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u.  A  lock  or  gauge  to  regulate  the  pressure  of  the  rollers  on 
the  paper. 

c.  The  pillar  supporting  the  electro -magnet. 

p.  The  adjusting  screw  passing  into  the  pillar,  c,  projecting 
through  the  armature,  to  enable  the  telegraphist  to  adjust  the 
sound  of  the  back  stroke  of  the  armature  at  pleasure. 

o.  The  spring  bar,  and 

d,  the  screw  to  adjust  the  action  of  the  pen  lever. 
D.  The  apparatus  for  adjusting  the  paper  rollers. 
/.  The  adjusting  screw  of  the  pen  lever. 

The  form  of  the  relay  magnet  recommended,  is  given  in  fig. 
104  (p.  155),  in  its  proper  size. 
A  B,  are  the  helices  or  coils. 
c.  The  supporter  of  the  magnet  lightly  screwed  to 
W,  the  connecting  bar  of  the  magnets. 
Y.  Bosewood  or  ivory  ends  of  magnets. 

D,  Armature  screwed  to 

E,  an  upright  lever ; 

F,  its  axis,  surrounded  by  a  spiral  spring,  to  perfect  the  con- 
nection in  case  of  a  fault  at  the  ends  of  the  axle. 

M.  The  spring  to  produce  the  recoil  of  D  and  E. 
L.  Its  adjusting  screw. 

H.  An  adjusting  screw  to  limit  the  play  of  E  towards  the 
magnet ; 

E,  its  point  of  platinum. 

s.  An  adjusting  screw  to  limit  the  play  of  E  from  the  magnet. 

T.  Its  insulating  point,  in  ivory. 

o  N.  Screws  to  connect  with  the  wires  of  the  station  battery. 

p  Q.  Screws  to  connect  with  the  line  wires. 

x.  The  point  where  the  coil  wire  passes  through 

u,  the  base  of  the  magnet. 


Fig.  105.— Morse  Commutator  Key. 

The  form  recommended  for  the  key  commutator  is  represented 
in  its  proper  magnitude  in  fig.   105.     When  the  key  is  held 
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down  the  circuit  is  perfect.  It  is  not  liable  to  wear  and  to 
produce  a  doubtful  connection.  The  whole  arrangement  is  de- 
signed to  avoid  the  evils  heretofore  existing,  and  perfect  every 
questionable  part.  The  anvil  of  the  key  is  well  made,  firm,  and 
capable  of  hard  wear,  regardless  of  the  adjustment  of  the  key 
lever.  The  hammer  of  the  key  lever  is  also  firm,  and  made  of 
good  platina  wire,  and  securely  made  fast  in  the  key  lever. 
The  adjusting  screws  of  the  axle  are  arranged  according  to  the 
best  mode,  to  secure  the  most  perfect  action.  The  elevation  of 
the  key  lever  can  be  adjusted  to  suit  the  operator,  by  elevating 
the  key  frame,  or  otherwise. 

Inking  apparatus  has  been  introduced,  by  which  the  marks 
upon  the  paper  ribbon,  instead  of  being  mere  indents,  are 
blackened  by  a  disc  of  carbon  or  inking  roller. 

FROMENT'S  WHITING  TELEGRAPH. 


Fig.  106.— Froment's  Recording  Instrument. 

148.  This  apparatus  is  represented  in  fig.  106. 

The  paper  upon  which  the  telegraphic  characters  are  written 
is  rolled  upon  the  surface  of  a  drum  c.  The  pencil  &  is  pressed 
by  a  spring  upon  the  paper.  The  drum  is  made  to  revolve  by 
clockwork  in  the  usual  manner  contained  in  the  case  h.  If  the 
paper  be  moved  without  moving  the  pencil,  the  latter  will  trace 
a  straight  line ;  but  if  the  pencil  be  moved  to  and  fro  by  the 
action  of  the  electro-magnet  and  recoil  spring,  a  zigzag  line 
will  be  formed  by  the  vibrations  imparted  to  the  pencil  by  the 
magnet,  or  what  is  the  same,  by  the  pulsations  of  the  current. 
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To  equalise  the  wear  of  the  pencil,  a  slow  motion  of  rotation 
is  imparted  to  it  by  wheels  adapted  for  that  purpose. 

The  commutator  by  which  the  pulsations  which  determine 
the  signals  are  produced,  is  a  wheel,  at  the  circumference  of 
which  are  five  metallic  divisions  with  intermediate  spaces  vacant, 
so  that  in  each  revolution  the  current  is  transmitted  five  times, 
and  suspended  five  times.  If  it  be  desired  to  produce  a  single 
pulsation,  the  wheel  is  moved  through  the  fifth  part  of  a  revolu- 
tion; if  it  be  desired  to  produce  three  pulsations  it  is  moved 
through  three-fifths  of  a  revolution,  and  so  on.  For  each  pulsa- 
tion, one  zigzag  is  made  by  the  pencil  at  the  station  to  which 
the  despatch  is  transmitted. 

The  signs  adopted  in  this  telegraph  to  express  the  letters,  are 
various  numbers  and  combinations  of  zigzag  forms. 

This  apparatus  has  been  superseded. 

BAIN'S  ELECTRO- CHEMICAL  TELEGKAPH. 


Fig.  107.— Bain's  Electro-chemical  Telegraph. 

149.  The  manner  in  which  the  decomposing  power  of  the 
current  is  capable  of  producing  written  characters  at  a  distance 
from  the  hand  of  the  writer  has  been  already  explained. 

Of  the  forms  of  telegraph  in  which  this  principle  is  brought 
into  play,  the  only  one  which  has  been  practically  applied  on  an 
extensive  scale  is  that  projected  by  Mr.  Alexander  Bain,  and 
shown  in  fig.  107. 
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To  render  this  instrument  understood,  let  us  suppose  a 
long  strip  of  paper  to  be  wetted  with  a  solution  of  prussiate  of 
potash,  to  which  a  little  nitric  and  hydrochloric  acid  have  been 
added.  Let  a  metallic  roller  be  provided  corresponding  in 
magnitude  with  the  sheet  of  paper,  and  in  communication  with 
a  galvanic  battery  so  as  to  form  its  negative  pole.  Let  a  piece 
of  steel  or  copper  wire  forming  a  pen  be  put  in  connection  with 
the  same  battery  so  as  to  form  its  positive  pole.  Let  the  strip 
of  moistened  paper  be  now  laid  upon  the  metallic  roller,  and  let 
the  steel  or  copper  point  which  forms  the  positive  pole  of  the 
battery  be  brought  into  contact  with  it.  The  galvanic  circuit 
being  thus  completed,  the  current  will  be  established,  the  solu- 
tion with  which  the  paper  is  wetted  will  be  decomposed  at  the 
point  of  contact,  and  a  blue  or  brown  spot  will  appear.  If  the 
roller  be  now  moved  with  the  paper  under  the  pen,  the  con- 
tinuous succession  of  spots  will  form  a  blue  or  brown  line,  and 
characters  may  be  thus  written  upon  it  as  it  were  in  blue  or 
brown  ink. 

An  extremely  feeble  current  is  sufficient  to  produce  this 
effect ;  but  it  will  be  necessary,  when  the  strength  of  the  cur- 
rent is  very  much  reduced,  to  move  the  roller  more  slowly,  so 
as  to  give  the  time  necessary  for  the  weakened  current  to  pro- 
duce the  decomposition.  In  short,  a  relation  exists  between  the 
greatest  speed  of  the  roller  which  is  capable  of  leaving  a  mark, 
and  the  strength  of  the  current ;  the  stronger  the  current,  the 
more  rapidly  may  it  be  moved. 

Let  us  suppose  that  the  galvanic  circuit  is  completed  in  the 
manner  customary  with  the  electric  telegraph,  that  is  to  say, 
the  wire  which  terminates  at  the  point  of  the  electro- chemical 
pen  is  carried  from  the  station  of  arrival  to  the  station  of  de- 
parture, where  it  is  connected  with  the  galvanic  battery,  and 
the  returning  current  is  formed  in  the  usual  way  by  the  earth 
itself.  When  the  communication  between  the  wire  and  the 
galvanic  battery  at  the  station  of  departure  is  established,  the 
current  will  pass  through  the  wire,  will  be  transmitted  from  the 
point  of  the  electro-chemical  pen  to  the  moistened  paper,  and 
will  make  a  blue  or  brown  line  on  this  paper.  If  the  current 
were  continuous  and  uninterrupted,  this  line  would  be  an  un- 
broken spiral;  but  if  the  current  be  interrupted  at  intervals, 
during  each  such  interval  the  pen  will  cease  to  decompose  the 
solution,  and  no  mark  will  be  made  on  the  paper.  If  such 
interruption  be  frequent,  the  spiral,  instead  of  being  a  con- 
tinuous line,  will  be  a  broken  one,  consisting  of  lines  interrupted 
by  blank  spaces.  If  the  current  be  allowed  to  act  only  for  an 
instant  of  time,  there  will  be  a  blue  or  brown  dot  upon  the 


160  THE  ELECTRIC  TELEGRAPH. 

paper ;  but  if  it  be  allowed  to  continue  during  a  longer  interval, 
there  will  be  a  line. 

Now,  if  the  intervals  of  the  transmission  and  suspension  of 
the  current  be  regulated  by  any  agency  in  operation  at  the 
station  of  departure,  lines  and  dots  corresponding  precisely  to 
these  intervals  will  be  produced  by  the  electro- chemical  pen  on 
the  paper,  and  will  be  continued  regularly  along  the  spiral  line 
already  described.  It  will  be  evident  that  characters  may  thus 
be  produced  on  the  prepared  paper  corresponding  to  those  of 
the  telegraphic  alphabet  already  described  in  the  case  of  Morse's 
telegraph,  and  thus  the  language  of  the  communication  will  be 
written  in  these  conventional  symbols. 

There  is  no  other  limit  to  the  celerity  with  which  a  message 
may  be  thus  written,  save  the  sufficiency  of  the  current  to  effect 
the  decomposition  while  the  pen  passes  over  the  paper,  and  the 
power  of  the  agency  used  at  the  station  of  departure  to  produce, 
in  rapid  succession,  the  proper  intervals  in  the  transmission 
and  suspension  of  the  current. 

The  succession  of  intervals  of  transmission  and  suspension  of 
the  current  on  which  the  production  of  the  written  characters 
on  the  prepared  paper  depends,  may  obviously  be  produced  by 
the  key  commutator ;  and  with  that  instrument  at  the  station 
from  which  the  despatch  is  transmitted,  an  agent  can  convey 
in  the  same  manner  and  with  the  same  celerity  as  in  the  case 
of  the  telegraph  of  Morse,  or  that  of  Froment ;  and  such  is  in 
fact  the  manner  in  which  despatches  are  transmitted  with  this 
apparatus. 

We  shall  now  explain  the  means  by  which  a  greater  celerity 
may  be  obtained.  The  despatch  must  pass  through  the  follow- 
ing preparatory  process : — 

A  narrow  ribbon  of  paper  is  wound  on  a  roller,  and  placed  on 
an  axis  on  which  it  is  capable  of  turning  so  as  to  be  regularly 
unrolled.  This  ribbon  of  paper  is  passed  between  rollers  under 
a  small  punch,  which  striking  upon  it  makes  a  small  hole  at  its 
centre.  This  punch  is  worked  by  a  simple  mechanism  so  rapidly, 
that  when  it  is  allowed  to  operate  without  interruption  on  the 
paper  passing  before  it,  the  holes  it  produces  are  so  close  to- 
gether as  to  leave  no  unperforated  space  between  them,  and 
thus  is  produced  a  continuous  perforated  line.  Means,  however, 
are  provided  by  which  the  agent  who  superintends  the  process, 
can,  by  a  touch  of  the  finger,  suspend  the  action  of  the  punch 
on  the  paper,  so  as  to  allow  a  longer  interval  to  elapse  between 
its  successive  strokes  upon  the  paper.  In  this  manner  a  suc- 
cession of  holes  are  perforated  in  the  ribbon  of  paper,  separated 
by  unperforated  spaces.  The  manipulator,  by  allowing  the 
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action  of  the  punch  to  continue  uninterrupted  for  two  or  more 
successive  strokes,  can  make  a  linear  perforation  of  greater  or 
less  length  on  the  ribbon,  and  by  suspending  the  action  of  the 
punch  these  linear  perforations  may  be  separated  by  unper- 
forated  spaces. 

Thus  it  is  evident,  that  being  provided  with  a  preparatory 
apparatus  of  this  kind,  an  expert  agent  will  be  able  to  produce 
on  the  ribbon  of  paper  as  it  unrolls,  a  series  of  perforated  dots 
and  lines,  and  that  these  dots  and  lines  may  be  made  to  corres- 
pond with  those  of  the  telegraphic  alphabet  already  described. 

Let  us  now  imagine  the  message  thus  completely  inscribed  on 
the  perforated  ribbon  of  paper.  This  ribbon  is  again  rolled  as 
at  first  upon  a  roller,  and  is  now  placed  on  an  axle  attached  to 
the  machinery  of  the  telegraph. 

The  extremity  of  the  perforated  ribbon  B  at  which  the  message 
commences  is  now  carried  over  a  metallic  roller  R,  which  is  in 
connexion  with  the  positive  pole  p'  of  the  galvanic  battery.  It  is 
pressed  upon  this  roller,  as  represented  in  fig.  108,  by  a  small 


Fig.  108. — Bain's  Electro-chemical  Telegraph. 

metallic  spring  p,  terminating  in  points  like  the  teeth  of  a  comb, 
the  breadth  of  which  is  less  than  that  of  the  perforations  in  the 
paper.  This  metallic  spring  is  connected  with  the  conducting 
wire  which  passes  from  the  station  of  departure  to  the  station  of 
arrival.  When  the  metallic  spring  falls  into  the  perforations  of 
the  ribbon  of  paper  as  the  latter  passes  over  the  roller,  the 
galvanic  circuit  is  completed  by  the  metallic  contact  of  the 
spring  with  the  roller ;  but  when  those  parts  of  the  ribbon  which 
are  not  perforated  pass  between  the  spring  and  the  roller,  the 
galvanic  circuit  is  broken  and  the  current  is  interrupted. 

A  motion  of  rotation,  the  speed  of  which  can  be  regulated  at 
discretion,  is  imparted  to  the  metallic  roller  by  clockwork  or 
other  means,  so  that  the  ribbon  of  paper  is  made  to  pass  rapidly 
between  it  and  the  metallic  spring,  and,  as  it  passes,  this 
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metallic  spring  falls  successively  into  the  perforations  on  the 
paper.  By  this  means  the  galvanic  circuit  is  alternately  com- 
pleted and  broken,  and  the  current  passes  during  intervals 
corresponding  precisely  to  the  perforations  in  the  paper.  In  this 
manner  the  successive  intervals  of  the  transmission  of  the 
current  are  made  to  correspond  precisely  with  the  perforated 
characters  expressive  of  the  message,  and  the  same  succession 
of  intervals  of  transmission  and  suspension  will  affect  the 
writing  apparatus  at  the  stations  of  arrival  in  the  manner 
already  described. 

To  the  celerity  with  which  the  despatch  can  be  written  at  the 
station  of  arrival  there  is  no  other  limit  than  the  time  which  is 
necessary  for  the  electric  current  to  produce  the  decomposition 
of  the  chemical  solution  with  which  the  prepared  paper  is 
saturated. 

It  may  be  asked  then  why  this  form  of  telegraph,  affording 
as  it  does  the  means  of  obtaining  a  celerity  of  transmission  so 
far  exceeding  any  other  that  has  been  projected,  has  not  been 
universally  adopted  ? 

To  this  it  may  be  answered  that  the  celerity  here  described 
can  only  be  attained  after  the  despatch  to  be  transmitted  has 
been  marked  in  the  pierced  telegraphic  characters  on  the  ribbon 
of  paper,  and  that  the  process  of  so  marking  it  would  not  be 
more  rapid,  however  expert  the  operator  might  be,  than  that 
by  which  the  same  operator  would  transmit  the  same  despatch 
directly  by  the  key  commutator,  either  with  this  telegraph  or 
those  previously  described.  If,  therefore,  the  time  necessary  to 
commit  the  despatch  in  telegraphic  characters  to  the  perforated 
ribbon  of  paper,  be  included  in  the  estimate  of  the  time  of  its 
transmission  from  station  to  station,  this  form  of  telegraph  is 
not  only  slower  and  consequently  less  efficient  than  the  single 
needle,  acoustic,  or  Morse,  but  is  slower  than  any  other  form  of 
telegraph  whatever. 

A  practical  difficulty  has  also  been  found  in  working  the 
Bain  instrument  at  a  high  speed,  owing  to  certain  intervals 
being  required  between  the  communication  of  successive  cur- 
rents to  the  conducting  wires,  and  to  the  great  amount  of 
battery  power  required  to  make  the  marks  on  the  chemical 
paper  acted  upon  at  the  further  end.  This  class  of  telegraph  is 
also  liable  to  more  interference  than  others,  from  the  circula- 
tion of  currents  of  terrestrial  magnetism  along  the  wires,  pro- 
ducing marks  upon  the  paper  independent  of  those  intended  to 
be  communicated. 

150.  A  modification  of  the  electro-chemical  telegraph  has 
been  contrived  by  Mr.  Bakewell,  by  which  a  despatch  may  be 
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transmitted  to  any  distant  station,  and  then  delivered  in  the 
handwriting  of  the  person  who  transmits  it. 

By  this  method,  a  person  at  any  station,  as  for  example  at 
London,  may  write  a  communication  in  characters  used  in 
common  writing  or  printing  on  paper  placed  at  another  distant 
station,  as  for  example  at  Trieste,  and  this  writing  shall  be 
traced  on  the  paper  with  as  much  precision  as  if  the  person 
writing  held  the  pen  in  his  hand. 

151.  This  apparatus  has  been  improved  by  M.  Caselli. 

We  may  imagine  that  the  electro-chemical  pen  placed  on  the 
paper  at  Trieste  is  extended  to  London,  and  there  held  and 
directed  by  the  hand  of  the  writer,  for  this  it  is  which  almost 
literally  takes  place.  The  conducting  wire,  in  connection  with 
that  part  of  the  electro-chemical  pen  which  is  held  in  the  hand, 
which  extends  from  Trieste  to  London,  may  be  considered  as 
only  forming  part  of  this  pen,  and  the  end  of  such  pen  at 
London,  held  and  directed  by  the  hand  of  the  writer,  will  com- 
municate a  motion  to  its  point  at  Trieste,  in  exact  corre- 
spondence with  the  characters  formed  by  the  hand  of  the 
writer. 

Thus,  if  the  writer  at  London  move  the  extremity  of  the  con- 
ducting wire  so  as  to  write  a  phrase  and  his  usual  autograph,  the 
point  at  Trieste  will  there  inscribe  on  the  prepared  paper  the 
same  phrase  with  the  same  signature  annexed,  and  the  writing 
of  the  phrase  and  the  signature  will  be  identical  with  that  of 
the  writer. 

In  the  same  manner  a  profile  or  protrait,  or  any  other  outline 
drawing,  may  be  produced  at  a  distance.  The  methods  of  accom- 
plishing this  depend,  like  the  other  performances  of  electricity  in 
this  application  of  it,  on  the  alternate  transmission  and  suspen- 
sion of  the  current,  and  on  its  decomposing  power  ;  but  as 
they  are  at  present  more  matters  of  curiosity  than  of  practical 
utility,  we  shall  not  detain  the  reader  with  any  more  detailed 
notice  of  them.  This  form  of  telegraph  has  proved  too  slow  in 
operation,  and  too  uncertain  and  difficult  in  management,  to 
allow  of  practical  application;  besides  which,  it  requires  the 
apparatus  to  move  onward  at  exactly  the  same  speed  at  each 
end,  a  result  almost  impossible  to  attain. 


Fig.  109.— Professor  Wheatstone's  Alphabetical  Instrument. 
(Receiving  Apparatus  and  Alarum.) 


CHAPTER  XII. 

ALPHABETICAL   TELEGRAPHS,  OR  LETTER-INDICATING 
INSTRUMENTS. 

152.  Professor  Wheatstone's.— 153.  Breguet's  (French  rail  way  telegraph). — 
154.  Siemens'  (Prussian). — 155.  Lippens'  (Belgian). — 156.  Froment's 
(French). 

WHEATSTONE'S  ALPHABETICAL  INSTRUMENT. 
152.  THE  various  step-by-step,  or  letter-indicating,  telegraphs 
may  be  said  mainly  to  owe  their  origin  to  Professor  Wheatstone, 
whose  early  labours  were  mostly  in  this  direction,  and  who  has 
gradually  perfected  his  apparatus  until  it  has  assumed  the  form 
now  so  extensively  used  for  domestic  purposes,  and  especially 
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for  communicating  between  offices,  warehouses,  &c.  The  ad- 
vantage of  this  class  of  telegraph  is,  that  those  unaccustomed  to 
its  use  can  read  the  letters  as  they  are  successively  indicated  by 
the  revolving  pointer  of  the  receiving  apparatus ;  and,  after  a 
very  short  experience,  can  in  like  manner  signal  the  letters  with 
the  sending  keys. 

Prom  the  nature  of  this  form  of  instrument,  and  from  the 
large  number  of  currents  required  for  each  letter  on  an  average, 
it  is  slower  in  operation  than  the  needle,  acoustic,  or  recording 
telegraphs.  Por  this  reason,  combined  with  the  difficulty  of 
working  it  on  any  circuit  of  considerable  length,  the  step-by- 
step  indicating  telegraphs  have  been  pretty  much  restricted  to 
the  applications  already  mentioned. 

In  1858,  Professor  Wheatstone  patented  a  series  of  improve- 


Fig.  110.— Professor  Wheatstone's  Alphabetical  Telegraph— Sending  Apparatus. 

ments  upon  the  alphabetical  instrument  introduced  by  himself 
and  Mr.  Cooke  in  1840.  The  object  of  the  new  apparatus  was 
to  attain  greater  steadiness,  certainty,  and  rapidity  than  had 
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been  previously  obtained  where  an  index  hand  was  moved 
rapidly,  step  by  step,  round  an  alphabetical  dial.  He  embodied 
his  ideas  in  a  simple  and  yet  portable  form  of  instrument, 
which,  from  many  advantages  it  possesses,  has  been  very  gene- 
rally adopted  for  short  lines  where  it  is  desirable  to  dispense 
with  skilled  telegraph  clerks. 

The  currents  used  to  work  this  apparatus  are  magneto-electric, 
evolved  from  permanent  magnets;  and  thus  the  expense  and 
trouble  connected  with  the  use  of  voltaic  batteries  in  such  an 
arrangement,  are  avoided. 

The  arrangement  of  this  apparatus  is  shown  in  figs.  109,  110, 
111,  and  112. 

Fig.  110  is  a  vertical  view  of  the  outside  of  the  sending  appa- 
ratus, showing  the  small  finger-studs  A  A  (thirty  in  number) 
which,  when  pressed  down,  allow  such  a  succession  of  currents 
to  pass  to  the  distant  station  as  will  move  round  the  indicator 
on  the  receiving  dial  to  the  corresponding  letter. 

Fig.  Ill  is  a  section  (side  view)  of  the  sending  apparatus. 
The  handle  x  is  used  to  turn  a  pair  of  electro-magnetic  coils  (I  b) 


Fig.  111.— Professor  Wbeatstone's  Alphabetical  Telegraph— Sending 
Apparatus  (Section). 

by  an  endless  band,  rapidly  above  the  poles  of  a  permanent  steel 
magnet  a.  A  succession  of  magnetic  currents  are  thus  sent, 
and  as  long  as  the  handle  is  turned,  and  the  small  finger-studs 
unmoved,  the  indicators  of  the  receiving  dials  move  on  step  by 
step.  On  one  of  the  studs  A  being  depressed  to  the  stop  B,  the 
movement  of  the  arm  g  is  arrested  as  soon  as  it  comes  round  to 
the  lower  end  G  of  the  finger-key,  and  the  circuit  is  broken ; 
no  further  effect  being  then  produced  on  the  indicating  instru- 
ment, its  pointer  indicates  the  letter  upon  the  dial  to  which 
attention  is  directed  by  the  pause.  An  arrangement  is  made 
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by  which  when  a  stud  is  depressed  it  remains  down  until 
another  is  pressed,  upon  which  the  first  is  mechanically  returned 
to  its  former  position. 

Pigs.  109  and  112  show  the  indicating  apparatus  and  alarum. 
The  index,  or  pointer,  is  moved  round  by  a  pallet  wheel  acted 
upon  by  the  alternate  attraction  and  repulsion  of  two  magnetic 


Fig.  112. — Professor  Wheatstone's  Alphabetical  Instrument — Indicating 
Apparatus  (Section). 

needles  li  h  fixed  upon  an  axis  g,  by  the  currents  passed  from 
the  sending  apparatus  through  the  electro-magnets  in  the  re- 
ceiving instrument. 

6,  c,  d,  e  form  the  bearings,  and  li,  i,  j  is  an  external  regulator. 

The  telegraphs  which  convey  letters  or  words  by  conventional 
signs,  like  those  described  in  the  previous  chapter,  require  a 
staff  of  agents  engaged  in  their  management,  who  have  been 
specially  instructed  and  practised,  as  well  in  working  the  in- 
struments as  in  interpreting  their  signs.  As  the  railway  tele- 
graphs abroad  at  secondary  stations  are  not  in  that  constant 
requisition,  and  consequently  do  not  occupy  a  permanent  and 
exclusive  class  of  agents,  they  are  managed  by  any  persons 
who  happen  to  be  employed  in  the  respective  offices :  by  the 
station-masters,  clerks,  railway  police,  guards,  or,  in  short,  by 
any  railway  agent  who  may  happen  to  be  at  hand.  Now,  it  is 
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evident  that  telegraphic  instruments,  the  use  of  which  would 
require  special  instructions  and  much  previous  practice,  could 
not  be  readily  applied  to  such  a  purpose. 

These  considerations  prevailed  with  the  administrations  of 
the  lines  of  railway  in  many  parts  of  the  Continent,  and  led 
them  at  the  outset  to  adopt  telegraphic  instruments  which 
satisfied  these  conditions  more  completely  than  the  apparatus 
adopted  for  state  and  public  communications. 

In  general,  therefore,  the  continental  railway  telegraphs  are 
of  the  class  of  alphabetical  instruments. 

The  French  railway  alphabetical  instrument  is  in  its  principle 
identical  with  the  state  telegraph.  The  indicator  in  the  latter, 
as  described  in  the  previous  chapter,  makes  a  complete  revo- 
lution by  eight  successive  steps,  moving  in  each  step  through 
an  angle  of  45°.  If  the  alphabet  consisted  of  only  eight  letters, 
this  would  at  once  become  an  alphabetical  telegraph  by  fixing 
the  indicator  in  the  centre  of  a  dial  upon  which,  at  equal  dis- 
tances asunder,  the  eight  letters  are  engraved.  But  since  the 
French  alphabet  consists  of  25  letters,  and  since  an  additional 
sign  is  found  convenient,  the  dial  is  divided  into  26  equal 
arcs  instead  of  8,  and  the  indicator  makes  a  complete  revolution 
by  26  equal  motions,  at  the  termination  of  these  motions  re- 
spectively pointing  to  the  letters  engraved  upon  the  dial. 

To  accomplish  this,  the  escapement  wheel  is  constructed  with 
13  teeth  instead  of  4,  the  groove  upon  the  moveable  disc  of  the 

commutator  has  13  sinuous 
undulations  instead  of  4  sides 
with  rounded  corners,  and 
the  fixed  disc  upon  which 
the  handle  of  the  commuta- 
tor moves  has  26  notches  in- 
stead of  8. 

The  grooved  disc,  by  the 
motion  of  which  the  oscilla- 
tions right  and  left  are  im- 
parted to  the  lever  which 
makes  and  breaks  the  con- 
nection with  the  battery,  is 
fixed  immediately  behind 
the  notched  disc,  and  the 
sinuous  groove  has  the  form 
represented  in  fig.  113,  and  acts  upon  the  lever  G  o  H  by  pressing 
the  pin  G'  alternately  right  and  left  when  the  wheel  A  B  is  turned, 
the  current  being  turned  on  and  off  by  springs,  r,  P'. 

The  commutator,  with  its  appendages,  is  represented  in  fig. 
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114.  The  fixed  disc  has  at  its  edge  26  notches,  into  which  the  pin 
projecting  from  the  handle  falls,  as  in  the  state  telegraph.  En- 
graved upon  the  face  of  the  disc  are,  on  the  outside,  the  numbers 
from  0  to  25,  and  on  the  inside  the  25  letters  (W  being  omitted, 
not  being  generally  used  in  the  French  language),  the  26th  place 
having  the  mark  -f  • 

s  E JE*  S'   s;_ 


Fig.  114.— Breguet's  Sending  Apparatus. 

A  part  of  the  dial  is  broken  away,  to  disclose  the  face  of  the 
moveable  disc,  with  the  sinuous  groove  behind  the  fixed  disc. 
The  lever  G  is  visible,  with  its  pin  in  the  groove,  and-  the  oscil- 
lation of  the  end  of  the  lower  arm  H  between  the  contact-pieces, 
p  and  p',  is  exactly  the  same  as  that  described  in  fig.  113. 

The  handle  of  the  commutator  is  keyed  upon  an  axis  which, 
passing  through  the  centre  of  the  fixed  dial,  is  itself  keyed  into 
the  centre  of  the  moveable  grooved  dial  behind  it,  so  that  when 
the  handle  is  carried  round  the  fixed  dial,  the  moveable  dial 
behind  is  carried  round  with  it. 

Upon  the  upper  part  of  the  board  carrying  the  dial  are  placed 
two  supplementary  commutators,  L  and  I/,  the  hands  of  which 
play  upon  the  contact-pieces,  s,  s,  E,  and  s',  s',  E',  as  well  as 
upon  an  oblong  plate  of  metal,  upon  which  the  words  "  COMMU- 
NICATION DIRECTE  "  are  engraved. 

The  terminals  c  and  z  communicate  with  the  copper  and  zinc 
ends  of  the  battery,  or,  what  is  the  same,  with  its  positive  and 
negative  poles ;  T  communicates  with  the  earth.  The  contact 
pieces  s  s'  are  connected  with  alarums,  R  R  with  the  indicators, 
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and  the  axes  of  the  arms  L,  I/  with  the  line-wires.  The  dotted 
lines  indicate  the  positions  of  slips  of  metal  inlaid  in  the  back 
of  the  frame,  by  which  the  several  pieces  are  put  in  metallic 
connection  one  with  another. 

After  this  general  explanation  of  the  manner  in  which  the 
course  of  the  current  is  in  all  cases  governed,  it  will  not  be 
necessary  here  to  explain  the  application  of  these  commutating 
arrangements  in  other  instruments  of  a  similar  character  sub- 
sequently described. 

A  perspective  view  of  the  commutator  and  indicating  appa- 
ratus mounted  in  the  same  case,  is  given  in  fig.  116.  The  com- 
mutator is  fixed  upon  a  horizontal  desk,  that  being  the  most 
convenient  position  for  its  easy  and  rapid  manipulation.  The 
indicator,  which  corresponds  with  it  in  form,  is  placed  like  the 
dial  of  a  clock  in  front  of  a  vertical  case. 

If  we  suppose  the  commutator  (fig.  114)  at  the  station  s,  and 
the  indicator  at  s',  the  arm  of  the  commutator  and  that  of  the 
indicator  being  upon  the  mark  -f-,  any  motion  of  the  former 
made  in  the  direction  of  the  hand  of  a  clock,  will  produce  a  cor- 
responding motion  of  the  hand  of  the  latter,  so  that  whatever 
letter  or  number  the  one  points  to,  the  other  will  at  the  same 
time  indicate. 

By  this  means  the  agent  at  s  may  spell  word  after  word  to  the 
agent  at  s'. 

There  are  various  conventional  signs,  made  by  two  or  more 
complete  turns  of  the  handle  of  the  commutator,  which,  being 
altogether  arbitrary,  and  matters  of  local  convenience,  need  not 
be  noticed  here. 

It  is  found  that  moderately  well-practised  hands  can  transmit 
with  this  instrument  seven  or  eight  words  per  minute,  while 
the  most  expert  can  send  as  many  as  eleven  or  twelve  words. 

A  side  view  of  the  wheel- work  and  electro-magnet  E,  of  the 
indicating  apparatus,  is  given  in  fig.  115. 

The  armature  P  is  alternately  attracted  and  dismissed  by  the 
magnet,  acted  on  by  the  pulsations  of  the  current,  and  imparts 
this  motion  to  the  escapement  at  F,  by  which  the  hand  A  of  the 
indicator  is  advanced  from  letter  to  letter  upon  the  dial,  so  that 
the  motion  of  the  hand  A  at  the  station  s'  shall  correspond 
exactly  with  that  of  the  hand  of  the  commutator  at  the  station  s. 

153.  The  telegraph  which  is  represented  in  fig.  1 16,  is  a  portable 
telegraph  constructed  for  the  French  railways  by  M.  Breguet. 
This  instrument,  in  size  and  arrangement,  is  adapted  to  be 
carried  in  the  guard's  van  upon  the  train,  so  that,  in  case  of 
accident,  it  may  be  immediately  put  in  connection  with  the 
line-wires,  and  notice  of  the  circumstance  may  be  instantly 
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transmitted  to  the  two  stations  between  which  the  accident  has 
taken  place. 


Fig.  115.— Breguet's  Alphabetical  Instrument  (Section). 

Portable  instruments  for  a  like  purpose  have  been  constructed 
in  England  and  elsewhere. 

The  apparatus  consists  of  a  stout  oaken  case,  containing  in  the 
lower  part,  B  B,  a  Daniel's  battery  of  eighteen  pairs,  a  commu- 
tator, M,  and  an  indicating  apparatus,  R.  A  small  galvanometer 
is  placed  at  G,  to  show  the  existence  and  force  of  the  current, 
and  a  small  electro-magnet,  L  T. 

When  not  in  use,  the  top,  c  c,  attached  by  hinges  to  the  case, 
can  be  turned  down  over  the  commutator  and  indicator,  so  as  to 
close  the  entire  apparatus. 

A  long  rod  of  metal,  terminated  in  a  copper  hook,  is  provided, 
by  which  the  end  of  the  coil  L  can  be  put  in  connection  with  the 
line-wire ;  the  end  of  the  coil  T  being  put  in  connection  with  the 
earth  by  means  of  a  wire  terminating  in  a  small  iron  wedge,  which 
is  driven  with  a  hammer  into  the  joint  between  two  of  the  rails. 

To  explain  the  manner  of  applying  this  apparatus,  let  us 
suppose  an  accident  to  happen  between  the  stations  s  and  s', 
and  consequently  the  train  to  be  stopped.  The  guard  takes  out 
the  portable  telegraph,  and  raising  its  cover,  c  c,  he  puts  the 
wire  of  L  in  connection  with  the  line -wire,  and  that  of  T  within 
a  joint  of  the  rails,  in  the  manner  described  above.  He  then 
makes  one  or  two  complete  turns  of  the  handle  M  of  his  com- 
mutator, observing  whether  the  galvanometric  needle  a  is 
deflected.  If  it  is,  he  knows  that  he  has  transmitted  a  current 
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to  the  line-wires.     This  current  divides  itself  at  the  hook,  and  a 
part  goes  to  each  of  the  stations  s  and  s',  at  each  of  which  it 


Fig.  116. — Breguet's  Portable  Alphabetical  Instrument. 

lings  the  alarum.  After  a  short  interval  a  current  is  trans- 
mitted back  from  one  or  other  of  the  stations,  the  arrival  of 
which  is  indicated  by  the  deflection  of  the  galvanometric  needle,  G. 
The  guard  then  informs  the  stations,  one  or  both,  of  the  acci- 
dent, its  place,  the  nature  of  the  aid  he  requires,  &c. 
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GERMAN  RAILWAY  TELEGRAPH. 

154.  The  telegraphic  apparatus  used  for  the  service  of  the 
Prussian  railways,  and  for  most  of  those  of  the  German  states, 
is  one  for  which  a  patent  was  obtained  by  M.  Siemens,  of 
Berlin. 

This  apparatus  consists  of  an  indicating  dial  surrounded  by 
the  alphabet,  upon  which  a  hand  moves  similar  in  form  and 
external  appearance  to  the  indicating  dials  of  the  alphabetical 
telegraphs  already  described,  but  placed  upon  a  horizontal 
table,  instead  of  being  vertical  as  in  the  French  telegraph.  This 
dial  is  surrounded  by  a  circular  key-board,  as  shown  in  fig.  117, 
having  as  many  keys  like  those  of  a  piano -forte  as  there  are 
characters  upon  the  dial,  the  letter  engraved  upon  each  key 
being  identical  with  that  with  which  it  corresponds  in  position 
upon  the  dial. 

A  lever,  a  b,  is  placed  upon  the  table,  turning  upon  the 
centre,  &,  and  limited  in  its  play  by  two  stops,  T  and  R.  When 
it  is  turned  against  T,  the  line-wire  is  put  in  connection  with 
the  indicating  apparatus,  and  when  it  is  turned  against  R,  that 
wire  is  put  in  connection  with  an  alarum.  A  current,  therefore, 
which  is  transmitted  along  the  line-wire  can  be  made  to  pass 
through  the  indicating  apparatus  or  through  the  alarum  at  will, 
by  giving  to  the  lever  a  b  the  one  position  or  the  other. 

The  usual  means  are  also  provided  by  which  the  current  may 
be  allowed  to  pass  the  station  without  going  through  either  the 
alarum  or  the  indicating  apparatus,  or  by  which  it  may  be 
stopped  at  the  station  and  turned  into  the  earth. 

When  no  current  passes  upon  the  line-wire,  and  the  instru- 
ments are  not  in  operation,  the  lever  a  &  at  each  station  along 
the  line  is  placed  against  R,  so  that  the  line-wire  is  everywhere 
in  connection  with  the  alarum. 

If  it  be  desired  to  transmit  a  despatch  from  any  station,  s,  the 
agent  at  that  station  puts  the  line-wire  in  connection  with  the 
poles  of  his  battery,  so  that  a  current  may  be  transmitted  to  all 
the  stations  upon  the  line.  This  current  rings  all  the  alarums, 
inasmuch  as  the  arms  a  b  are  placed  against  R  at  all  the  stations. 
The  agents  at  the  stations  being  thus  called,  remove  the  arms 
a  6,  of  their  several  instruments,  and  place  them  against  the 
stops,  T,  the  agent  at  the  station  s  doing  the  same. 

Previously  to  this,  when  the  instruments  were  in  repose,  the 
indicating  hands,  n,  in  all  of  them  were  placed  upon  the  division 
of  the  dial  marked  -f--  The  moment  the  arms  a  b,  or  any  of 
them,  are  placed  against  the  stops  T,  the  current  transmitted 
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Fig.  117.— Siemens'  Sending  Keys  and  Indicator. 
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upon  the  line-wire  passing  through,  the  several  indicating  in- 
struments, the  indicating  hands  in  all  the  instruments  will 
commence  simultaneously  to  move  round  the  several  dials. 
They  will  move  from  letter  to  letter  with  a  starting  and  inter- 
rupted, but  regular  motion,  like  that  of  the  seconds  hand  of  a 
clock,  but  much  more  rapidly.  The  rate  at  which  they  are 
moved  will  depend  on  the  force  of  the  current ;  but,  whatever 
be  the  rate,  it  will  be  common  to  all,  all  making  successive 
revolutions  of  the  dial  precisely  in  the  same  time,  and  moving 
together  from  letter  to  letter  with  the  most  absolute  simul- 
taneity; and  since  they  all  started  from  the  same  point  +>  and 
move  together  from  letter  to  letter,  it  follows  that,  whether 
their  motion  be  quick  or  slow,  they  will  all  at  each  moment  point 
to  the  same  letter. 

Now,  it  is  important  here  to  observe,  that  this  common  rota- 
tion of  all  the  hands  upon  all  the  dials  is  produced  and  main- 
tained by  the  current  alone,  without  any  manipulation  whatever 
on  the  part  of  any  agent  at  any  station,  and  it  would  continue 
to  be  maintained  indefinitely,  provided  that  the  battery  were 
kept  in  action. 

We  have  supposed  the  battery  at  the  station  s,  from  which 
the  despatch  is  about  to  be  transmitted,  to  be  alone  put  into 
connection  with  the  line-wire.  But,  in  order  to  strengthen  the 
current,  each  agent  on  the  line,  when  he  receives  the  signal, 
also  puts  his  battery  in  like  connection  with  the  line-wire,  so 
that  the  current  acquires  all  the  intensity  which  the  combined 
action  of  all  the  batteries  on  the  line  is  capable  of  producing. 

The  apparatus  is  so  arranged  that,  in  all  cases,  the  galva- 
nometer d  is  in  connection  with  the  line-wire,  so  as  to  indicate 
at  all  times  at  each  station  the  state  of  the  current. 

It  now  remains  to  show  how  a  despatch  can  be  transmitted 
from  any  one  station  to  all  or  any  of  the  other  stations  on  the 
line. 

The  apparatus  is  so  constructed  that  if  the  agent  at  any 
station  presses  down  any  one  of  the  keys  surrounding  the  dial, 
the  indicating  needle,  upon  arriving  at  that  key,  will  be  stopped ; 
and  at  the  same  moment  the  current  upon  the  line-wire  will 
be  suspended.  This  suspension  of  the  current  will  also,  at  the 
same  moment,  stop  the  motion  of  all  the  indicating  hands  upon 
all  the  dials  on  the  line.  The  agents  at  all  the  stations  will 
therefore  see  and  note  the  letter  on  which  the  transmitting 
agent  has  put  his  finger.  The  transmitting  agent,  after  a  suffi- 
cient pause,  transfers  his  finger  to  the  key  of  the  next  letter  he 
desires  to  transmit.  The  moment  he  raises  his  finger  from  the 
first  key,  the  current  is  re-established  on  the  line-wire,  and  all 
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the  indicating  hands  rotate  as  before,  passing  again  simulta- 
neously from  letter  to  letter  until  they  arrive  at  the  second 
letter  upon  which  the  transmitting  agent  has  put  his  finger, 
when  they  again  stop,  and  so  on. 

In  this  manner  an  agent  at  any  station  can  stop  the  indicating 
needles  at  any  or  all  the  other  stations  successively,  on  their 
arrival  at  the  letters  of  the  words  he  desires  to  communicate. 

If  by  reason  of  inattention  or  otherwise  any  letter  or  let- 
ters transmitted  escape  the  attention  of  the  agent  at  any  of  the 
stations  to  which  the  despatch  is  addressed,  such  agent  imme- 
diately signifies  the  fact  by  putting  his  finger  on  one  of  the  keys 
of  his  own  instrument,  by  which  he  stops  the  hand  upon  the 
dial  of  the  transmitting  agent  at  a  letter,  which  tells  him  to 
repeat  the  last  letter  or  word,  as  the  case  may  be.  The  signal 
is  understood  at  all  the  other  stations,  so  that  no  confusion 
ensues. 

Having  thus  shown  how  a  despatch  is  transmitted  and  un- 
derstood by  those  to  whom  it  is  addressed,  I  shall  now  explain 
the  mechanism  by  which  these  effects  are  produced. 

Beneath  the  dial  of  each  instrument  an  electro-magnet,  such 
as  m  mf  (fig.  118),  is  placed,  upon  the  coil  of  which  the  current 
transmitted  from  the  batteries  passes.  This  magnet,  then,  as 
usual,  attracts  its  armature  g  o,  which 
comes  against  the  stop  t'.  Now  the 
apparatus  is  so  arranged,  that  when 
g  strikes  t' ',  the  circuit  of  the  current 
is  broken,  and  consequently  the  cur- 
rent is  stopped.  This  deprives  the 
electro -magnet  in  m!  of  its  magnetism ; 
and  g  being  no  longer  attracted,  it  is 
drawn  back  from  the  stop  tf  by  the 
spring  s,  and  it  recoils  upon  the  stop  t. 
Here  the  connection  with  the  line- 
wire  is  reproduced,  and  the  current  is 
re-established.  The  electro-magnet 
having  thus  recovered  its  magnetism, 
g  is  again  attracted  by  it,  and  drawn 
into  contact  with  t'y  where  the  con- 
nection is  again  broken,  and  g  is  drawn  back  to  t  by  the 
spring  s,  and  so  on. 

Since  the  intervals  of  transmission  and  suspension  of  the 
current  are  the  same  throughout  the  entire  line,  and  since  the 
intervals  of  transmission  are  those  in  which  the  armature  moves 
towards  the  electro-magnet,  and  the  intervals  of  suspension 
those  in  which  it  recoils  from  the  magnet,  it  follows  that  the 
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oscillations  of  the  armature  of  all  the  electro-magnates  at  all 
the  stations  are  absolutely  alike  and  simultaneous. 

In  each  instrument  the  armature  is  in  connection  with  a 
toothed  wheel,  upon  the  axis  of  which  the  hand  m  n  (fig.  117)  is 
keyed,  so  that  each  vibration  of  the  armature  puts  forward  one 
tooth  of  the  wheel,  and  advances  the  hand  n  from  one  letter  to 
another. 

Upon  comparing  this  arrangement  with  that  of  the  French 
telegraph,  it  will  be  perceived  that  here  the  mainspring  and 
wheelwork  which  move  the  indicator  are  altogether  omitted, 
and  the  armature  of  the  electro-magnet,  which  in  the  French 
instrument  only  regulates  the  motion  of  the  indicator,  here  both 
moves  and  regulates  it.  In  fine,  the  armature  here  discharges  at 
once  the  functions  of  the  mainspring,  and  of  the  pedulum  of  a 
clock. 

It  will  also  be  observed  that  the  manipulation  of  the  trans- 
mitting agent,  by  which  he  moves  the  indicators  on  the  dials  of 
the  distant  stations,  is  dispensed  with,  the  current  itself, 
through  the  intervention  of  the  armature  of  the  electro-magnet, 
imparting  to  the  indicator  a  constant  motion  of  rotation  without 
any  manipulation  whatever. 

That  part  only  of  the  manipulation  by  which  the  indicator  is 
stopped  for  a  moment  successively  at  the  letters  of  the  word 
intended  to  be  transmitted,  is  retained,  and  that  is  effected  by 
the  action  of  the  keys  surrounding  the  dial. 

Under  the  dial,  a  radius  or  arm  is  keyed  upon  the  axis  on 
which  the  indicating  hand  is  fixed,  so  as  to  be  always  imme- 
diately under  that  hand  and  parallel  to  it,  revolving  simul- 
taneously with  it.  This  radius  is  a  little  longer  than  the 
indicating  hand,  and  extends  under  the  keys  surrounding  the 
dial.  From  the  under-surface  of  each  key  a  pin  projects,  the 
length  of  which  is  such  that  when  the  key  is  not  pressed  down, 
the  radius  passes  freely  under  it ;  but  when  the  key  is  pressed 
down,  the  pin  comes  in  the  way  of  the  radius,  and  stops  it  when 
the  indicating  hand  n  arrives  at  the  letter  engraved  on  the  key. 
By  the  action  of  the  same  pin  the  armature  o  g  (fig.  118)  of  the 
electro-magnet  is  arrested  in  its  return  from  t'  to  t,  so  as  to  be 
prevented  from  arriving  at  t.  The  current,  therefore,  is  pre- 
vented from  being  re-established  on  the  line-wire,  as  it  would 
be  if  g  o  were  permitted  to  come  into  contact  with  t . 

Thus  it  will  be  understood  how  by  putting  down  a  key  the  two 
desired  effects  are  produced.  1st,  the  stoppage  of  the  indicating 
needles  at  the  letter  engraved  on  the  key  of  the  indicator  on 
which  such  key  is  put  down ;  and  2nd,  the  simultaneous  sus- 
pension of  the  current  along  the  entire  telegraphic  line,  by 
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which  the  indicating  needles  of  all  other  instruments  are  stopped 
at  the  same  letter. 

This  apparatus,  compared  with  the  French  telegraph,  to 
which  it  has  an  obvious  analogy,  has  the  advantage  of  greater 
simplicity.  By  dispensing  with  the  mainspring  and  its  neces- 
sary train  of  wheel-work,  and  with  the  rather  complicated 
commutator  worked  by  the  hand  of  the  transmitting  agent, 
many  moving  parts  are  rejected,  and  there  are  proportionately 
less  chances  of  derangement  and  less  causes  of  wear  or  fracture. 
But  on  the  other  hand  the  moving  power  which  impels  the 
indicator,  being  transferred  from  the  mainspring  to  the  current, 
a  proportionately  greater  force  of  current  is  necessary.  This 
force  is,  however,  obtained  without  augmenting  the  magnitude 
of  the  batteries  at  any  one  station  by  the  expedient  of  bringing 
the  piles  of  both  the  terminal  stations,  and,  if  necessary,  of  any 
or  all  the  intermediate  stations,  into  the  circuit. 

In  the  batteries  used  with  the  French  railway  telegraph,  the 
use  of  acid,  as  has  been  stated,  is  found  altogether  unneces- 
sary. In  the  German  telegraph,  however,  pure  water  does  not 
give  a  sufficiently  strong  current,  and  it  is  acidulated  with 
about  one  and  a  half  per  cent,  of  sulphuric  acid.  The  battery 
at  each  station  consists  usually  of  from  15  to  20  pairs.  The 
usual  speed  imparted  to  the  indicator  by  the  current  is  about  30 
revolutions  per  minute. 

M.  Siemens  invented  mechanism  by  which  the  indicating 
apparatus  was  connected  with  one  by  which  the  letters  of  the 
despatch  as  they  arrived  were  printed  by  ordinaiy  type  upon 
a  band  of  paper.  Since,  however,  this  has  not  been  brought 
into  practical  use,  it  will  not  be  necessary  to  explain  it. 

When  the  electric  telegraph  was  first  opened  to  the  general 
service  of  the  public  in  Prussia,  this  apparatus  of  Siemens  was 
generally  used,  but  it  has  since  been  superseded  by  that  of 
Morse,  its  speed  of  transmission  being  found  insufficient  for  the 
public  service. 

BELGIAN  RAILWAY  TELEGRAPH. 

155.  When  the  electric  telegraph  was  first  brought  into  use 
on  the  Belgian  railways,  the  French  and  German  apparatus 
described  above  were  tried  in  succession.  In  1851  they  were, 
however,  superseded  by  a  form  of  telegraph  invented  and  con- 
structed by  M.  Lippens,  mathematical  instrument  maker  of 
Brussels. 

M.  Lippens  attributes  to  the  French  and  German  rail- 
way telegraphs  certain  defects,  which  he  claims  to  have  re- 
moved. For  the  efficient  performance  of  those  telegraphs,  it  is 
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evident  that  a  certain  relation  must  always  be  maintained  be- 
tween the  force  of  the  spring  s  (fig.  118),  which  produces  the 
recoil  of  the  armature  g  o,  and  the  attractive  force  of  the  mag- 
net, or  what  is  the  same,  between  the  spring  and  the  intensity 
of  the  current,  with  which  the  attraction  of  the  magnet  must 
vary.  Now  the  intensity  of  the  current  is  subject  to  variation, 
depending  on  the  state  of  the  battery,  the  number  of  pairs 
which  are  brought  into  operation,  the  length  of  the  line-wire 
upon  which  it  is  transmitted,  the  more  or  less  perfect  state  of 
the  insulators,  and  in  fine  on  the  weather. 

If  the  current  become  so  feeble  that  the  attraction  of  the 
magnet  is  less  than  the  force  of  the  spring  s,  the  armature  g  o 
will  remain  upon  the  stop  t,  from  which  the  magnet  is  too  feeble 
to  remove  it.  If,  on  the  other  hand,  the  spring  have  not 
sufficient  force  to  evercome  the  friction  and  inertia  of  the  arma- 
ture g  o,  and  the  small  portion  of  magnetism  which  may  be 
retained  by  the  electro -magnet  after  the  current  has  been  sus- 
pended, the  armature  will  remain  upon  the  stop  t',  the  spring 
being  unable  to  produce  its  recoil. 

Since,  therefore,  the  forces  against  which  the  spring  s  acts, 
and  which  it  ought  to  exceed,  and  those  which  act  against  it 
and  which  ought  to  exceed  it,  are  variable,  it  is  clear  that  the 
maintenance  of  the  efficiency  of  the  apparatus  requires  that  the 
spring  s  shall  from  time  to  time  be  adjusted,  so  as  to  be  kept  in 
that  relation  to  its  antigonistic  forces,  which  are  necessary  for 
the  due  performance  of  the  telegraph. 

It  has  been  already  shown  that  very  sufficient  and  very 
simple  means  of  adjustment  for  this  purpose  have  been  supplied 
in  the  French  telegraphs.  The  hands  which  appear  in  the 
upper  corners  of  the  instrument  (fig.  116)  are  intended  for  this 
purpose,  and  being  turned  by  the  key,  the  springs  connected 
with  them  are  increased  or  diminished  in  their  force,  according 
as  the  key  applied  to  them  is  turned  the  one  way  or  the  other. 
Similar  adjustments  are  provided  in  the  German  instruments. 

M.  Lippens  and  the  Belgian  railway  and  telegraph  authori- 
ties by  whom  he  has  been  supported,  however  contend,  that 
although  the  permanent  staff  of  the  state  and  public  tele- 
graphs, constantly  occupied  and  practised  in  the  manipulation  of 
such  apparatus,  may  be  relied  upon  for  the  due  management 
of  such  adjustments ;  the  agents  of  various  grades  employed  on 
the  railways,  whose  duties  do  not  permanently  connect  them 
with  the  telegraph,  and  who  are  only  called  to  it  from  time  to 
time,  cannot  be  depended  on  to  perform  adjustments  requiring 
not  only  constant  practice,  but  some  address  and  some  special 
knowledge  of  the  principle  and  mechanism  of  the  apparatus. 

N2 
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The  apparatus  of  M.  Lippens,  which  is  now  used  for  the 
service  of  the  Belgian  railways,  is  exempt  from  these  defects. 

Like  M.  Siemens,  M.  Lippens  rejects  the  mainspring  and  its 
appendages  adopted  in  the  French  telegraphs,  and  charges  the 
current  itself  with  their  functions.  He  retains,  however,  the 
commutator,  and  imparts  the  pulsations  to  the  current  by  the 
hand  of  the  agent  applied  to  a  lever  or  winch,  which  is  moved 
exactly  like  the  arm  of  the  commutator  of  the  French  in- 
struments.' 

He  rejects  the  spring  s  (fig.  118),  which  produces  the  recoil  of 
the  armature,  and  substitutes  for  it  a  second  magnet  placed  on 
the  other  side  of  the  armature,  adopting  at  the  same  time  a 
permanently  magnetic  bar  of  steel  instead  of  the  armature  of 
soft  iron  used  in  the  other  instruments. 

To  explain  the  principle  of  Lippens'  apparatus,  let  a  b  and 
a'  V  (fig.  119)  be  two  electro-magnets  made  precisely  alike, 

Fig.  119. 


the  coil  of  covered  wire  upon  them  being  one  continuous  wire 
carried  from  one  to  the  other,  and  rolled  in  such  a  manner  that 
their  polarity  shall  always  have  contrary  positions  in  which- 
ever direction  the  current  may  be  transmitted  on  the  wire. 
Thus,  if  a  be  a  north  pole,  U  opposed  to  it  will  be  a  south  pole, 
and  in  that  case  a'  will  be  a  north  and  I  a  south  pole.  If  the 
current  upon  the  coil  be  reversed,  all  these  four  poles  will  at 
once  change  their  names — a  becoming  a  south,  and  bf  a  north 
pole,  and  a!  a  south  and  b  a  north  pole. 

Let  </  (/  be  a  steel  bar  which  is  permanently  magnetised,  g 
being  its  north  and  (/  its  south  pole,  and  let  it  be  supported 
midway  between  the  electro-magnets,  having  free  play  towards 
the  one  or  the  other  until  it  encounters  the  stops  it  or  t'  f  by 
which  it  is  arrested. 

Now  let  a  current  be  transmitted  upon  the  wire,  by  which  a 
will  become  a  north  pole,  and  consequently  b  and  V  will  be 
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south  poles,  and  a'  a  north  pole.  Since  g  is  a  north  and  g'  a 
south  pole,  they  will  be  attracted  by  V  and  a',  and  repelled  by 
a  and  &,  and  consequently  the  armature  g  g'  will  be  moved 
towards  &'  a'  until  it  is  stopped  by  t'  if.  If  the  current  be  then 
reversed,  a,  and  a'  will  become  south,  and  6  and  V  north  poles  ; 
and  the  armature  will  be  attracted  by  a  and  &,  and  repelled  by  V 
and  a',  and  will  accordingly  move  towards  the  former  until  it  is 
stopped  by  1 1. 

If  the  direction  of  the  current  be  reversed  rapidly,  suppose, 
for  example,  ten  times  per  second,  the  armature  g  g'  will  be 
made  to  oscillate  ten  times  per  second  between  the  stops  t  t 
and  t'  t'. 

It  is  evident  that  the  expedient  adopted  by  Siemens,  by 
which  the  transmission  of  the  current  is  arrested  by  the  contact 
of  the  armature  with  one  stop  and  re-established  by  its  contact 
with  the  other,  might  be  easily  modified  so  as  to  reverse  the 
direction  of  the  current  by  each  contact  with  1 1  and  t' t' ;  and 
in  that  case  the  telegraph  of  Siemens  would  without  other 
change  be  rendered  exempt  from  the  defects  imputed  to  it,  as 
well  as  the  French  instruments,  by  Lippens.  But  M.  Lippens, 
either  prevented  from  adopting  this  obvious  expedient  by  the 
patent  of  Siemens,  or  giving  a  preference  to  the  hand  commu- 
tator for  other  reasons,  has  contrived  an  ingenious  commutator 
worked  by  hand,  by  which  he  reverses  the  cuiTent  with  the 
greatest  facility,  rapidity,  and  precision. 

This  is  a  wheel  commutator  formed  on  the  following  prin- 
ciple ; — There  are  two  wheels  placed  side  by  side  upon  a  common 
axle,  with  a  disc  of  gutta-percha  between  them,  so  that  one  is 
insulated  from  the  other.  The  edges  of  both  are  divided  into  a 
series  of  conducting  and  non-conducting  arcs,  but  the  position 
of  these  relatively  to  each  other  is  alternate,  the  conducting  arcs 
of  each  disc  corresponding  in  position  with  the  non-conducting 
arcs  of  the  other. 

We  may  imagine  the  shaded  arcs  of  fig.  120  to  represent  the 
conducting  arcs  of  the  upper,  and  the  white  arcs  the  conducting 
arcs  of  the  lower  disc,  the  one,  however,  being  separated  from 
all  contact  with  the  other  by  the  interposed  disc  of  gutta- 
percha. 

When  the  wheel  is  made  to  revolve,  the  spring  rr  comes  alter- 
nately into  contact  with  the  conducting  arcs  of  the  one  and  of 
the  other  disc.  Another  similar  spring  is  applied  to  another 
part  of  the  edge  of  the  wheel,  so  as  to  be  in  contact  with  the 
conducting  arcs  of  the  upper  disc,  while  the  spring  r  is  in  con- 
tact with  those  of  the  lower,  and  vice  versa. 

One  of  the  two  discs  is  in  connection  with  the  copper,  and  the 
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other  with  the  zinc  end  of  the  battery,  so  that  one  may  be  con- 
sidered as  its  positive  and  the  other  as  its  negative  pole.     One 


Fig.  120. 


of  the  springs  is  in  connection  with  one  end,  and  the  other  with 
the  other  end  of  the  conducting  wire,  which  forms  the  coils,  and 
which  passes  along  the  telegraphic  line.  By  causing  the  wheel 
to  revolve,  therefore,  the  conducting  wire  will  be  alternately 
connected  with  contrary  poles  of  the  battery,  and  the  current 
upon  it  will  be  reversed. 

If  the  edge  of  the  wheel  be  divided  into  ten  equal  parts  by 
the  conducting  arcs,  this  reversal  will  take  place  ten  times  in 
each  revolution,  and  if  a  revolution  be  imparted  to  the  wheel 
in  each  second,  the  current  will  be  reversed  ten  times  per 
second. 

In  the  apparatus  of  Lippens  the  oscillations  thus  imparted  to 
the  armature  g  g'  (fig.  119)  are  made  to  act  by  the  intervention 
of  toothed  wheels  upon  the  indicating  hand  which  moves  upon 
the  dial  around  which  the  letters  are  engraved,  as  in  the  French 
telegraph,  and  this  hand  is  moved  from  letter  to  letter  in  the 
same  manner  as  in  the  French  railway  instrument  and  that  of 
Siemens. 

Upon  the  axle  of  the  commutating  wheel  above  described  a 
winch  is  fixed,  by  which  the  agent  who  transmits  the  despatch 
turns  it. 

A  plan  of  this  instrument  is  drawn  in  fig.  121.  The  handle 
of  the  commutator  B  B'  is  keyed  upon  the  axis  of  the  wheel 
already  described,  which  is  under  the  table  of  the  instrument. 
This  wheel,  and  the  springs  which  press  upon  it,  are  in- 
dicated in  the  figure.  The  handles  Q  Q  are  those  by  which  the 
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current  is  conducted  from  the  up  or  down  line  through  the 
indicating  apparatus,  or  through  the  alarum,   as  already  ex- 
Fig.  121. 


plained  in  the  case  of  the  German  telegraph.  Several  other 
terminals  are  provided  for  establishing  connections  with  the  line 
wires,  the  battery  poles,  the  alarums,  and  the  earth,  and  differ 
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in  nothing  essential  from  similar  adjustments  in  other  tele- 
graphic instruments. 

When  the  agent  at  any  station,  s,  desires  to  transmit  a  de- 
spatch to  any  other  station  or  stations,  s',  he  first,  as  in  other 
telegraphs,  calls  the  attention  of  the  agents  at  s'  by  means  of 
the  alarum.  The  current  being  then  directed  through  the 
instruments  severally  by  means  of  the  adjustments  provided  for 
that  purpose,  the  transmitting  agent  at  s  turns  the  handle  B  B' 
of  his  commutator,  by  which  he  produces  the  pulsations  of  the 
current,  and  puts  the  indicating  hands  upon  the  dials  at  s',  as 
well  as  upon  his  own  in  motion.  These  hands  as  usual,  when 
properly  adjusted,  always  point  to  the  same  letters.  The  trans- 
mitting agent  stops  the  handle  B  B'  when  he  sees  the  hand  F 
upon  his  dial  point  successively  to  the  letters  which  spell  the 
word  he  desires  to  transmit,  and  by  continuing  to  operate  thus, 
he  transmits  the  entire  despatch. 

Such  is  the  Belgian  railway  telegraph ;  and  although  it  must 
be  admitted  that  it  supplies  a  certain  improvement  on  the 
French  telegraph,  it  ought  also  to  be  stated  that  the  difficulty 
and  inconvenience  which  M.  Lippens  claims  to  have  removed, 
has  not  been  found  to  offer  any  practical  obstruction  to  the 
satisfactory  performance  of  the  French  instruments. 
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156.  The  external  appearance  of  this  instrument,  represented 
in  fig.  122,  is  that  of  a  small  pianoforte,  having,  however, 
no  black  keys.  On  each  of  the  keys  a  letter  of  the  alphabet 
is  engraved,  the  first  key  being  marked  with  a  cross,  and  the 
last  with .  an  arrow.  On  the  first  ten  keys  are  also  engraved 
the  numerals.  This  part  of  the  apparatus  is  the  commutator, 
by  which  the  agent  at  the  station  where  it  is  placed,  is  enabled 
to  transmit  signals  to  any  distant  station. 

Upon  it  is  placed  the  indicating  apparatus,  which  is  acted 
upon  by  the  commutator  of  the  apparatus  at  a  distant  station, 
and  by  which  a  despatch  is  received.  This  indicator  is  similar 
in  form  and  in  the  manner  of  giving  its  signals  to  that  of  the 
other  alphabetical  instruments  already  described.  The  dial  of  the 
indicator  is  marked  with  the  letters  of  the  alphabet,  and  the 
cross  and  arrow  corresponding  with  the  characters  engraved 
upon  the  keys  of  the  commutators. 

At  the  back  of  the  case  containing  the  indicating  apparatus 
the  alarum  is  attached,  and  commutators  are  placed  upon  the 
case  by  which  this  alarum  can  be  put  in  connection  at  pleasure 
with  the  line-wire.  As  usual,  it  is  always  kept  in  connection 
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with  it  when  the  instrument  is  not  in  use,  so  that  notice  may  be 
given  of  the  approaching  arrival  of  a  despatch.     On  the  ringing 


Fig.  12 


of  the  alarum  the  agent  at  the  station  turns  off  the  commutator 
from  the  alarum,  and  throws  it  into  connection  with  the  indi- 
cating apparatus. 

To  explain  the  transmission  of  a  despatch,  let  us  suppose  an 
apparatus,  such  as  that  represented  in  the  figure,  to  be  erected 
at  two  stations,  s  and  s',  connected  as  usual  by  a  conducting 
wire  ;  the  instrument,  being  unemployed,  the  line-wire  at  both 
is  in  connection  with  the  alarum.  Now  let  us  suppose  that  s 
desires  to  transmit  a  despatch  to  s'.  In  that  case  s  having  first 
turned  on  the  current,  puts  down  any  key  whatever  of  his  com~ 
mutator,  the  effect  of  which  is  that  a  current  is  transmitted 
upon  the  line  wire  to  s',  which1  rings  the  alarum ;  then  s'  replies 
by  transmitting  a  return  current  in  the  same  way  to  s,  by 
which  s's  alarum  is  rung.  All  being  then  prepared  for  the 
transmission  of  the  despatch,  s  puts  down  with  his  fingers 
successively  the  keys  of  his  commutator  upon  which  the  succes- 
sive letters  spelling  the  words  of  the  despatch  are  engraved, 
and  simultaneously  with  this  the  indicator  upon  the  dial  of  s' 
points  to  the  same  letters,  which  are  taken  down  by  s'.  At 
the  end  of  each  word,  s  puts  down  the  key  marked  with  the 
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When  it  is  intended  to  transmit  numerals,  s  puts  down  the 
arrow  just  before  he  begins  them,  and  the  cross  when  he  ends- 
them.  Thus  if  it  be  desired  to  transmit  the  number  1854,  s 
first  puts  down  the  arrow,  and  then  the  keys  marked  A,  H,  E, 
and  D  successively,  after  which  he  again  puts  down  the  cross  to 
indicate  that  the  number  is  finished.  It  remains  now  to  ex- 
plain how  these  effects  are  produced. 

Within  the  case,  and  at  some  distance  below  the  key-board,  a 
steel  rod  is  extended,  parallel  to  the  line  of  keys,  the  length  of 
which  corresponds  with  that  of  the  row  of  keys.  From  this  rod, 
and  at  right  angles  to  it,  proceeds  a  series  of  short  steel  arms, 
one  under  each  key.  In  the  bottom  of  each  key,  and  at  right 
angles  to  it,  is  inserted  a  short  projecting  pin,  which  cor- 
responds precisely  in  position  with  the  short  steel  arm  just 
mentioned.  The  length  of  the  arm,  and  that  of  the  pin,  taken 
together,  is  a  little  less  than  the  distance  between  the  bottom  of 
the  key  and  the  steel  rod  when  the  key  is  not  put  down  by  the 
finger ;  the  necessary  consequence  of  which  is  that  in  that 
position  of  the  key  the  rod  may  revolve,  carrying  the  arm 
round  with  it  unobstructed.  But  when  the  key  is  put  down  by 
the  finger,  the  bottom  of  it  is  brought  to  a  distance  from  the 
rod  which  is  less  than  the  sum  of  the  lengths  of  the  projecting 
arm  and  the  pin ;  and  consequently  if  the  rod  revolves,  carrying 
with  it  the  projecting  arm  while  the  key  is  thus  held  down,  the 
pin  coming  in  the  way  of  the  arm  arrests  it,  and  stops  the 
further  revolution  of  the  steel  rod. 

It  is  evident  that  if  the  projecting  arms  were  all  inserted  in 
the  steel  rod  at  the  same  side,  or  to  speak  with  still  more  pre- 
cision, if  their  points  of  insertion  lay  in  a  line  along  the  side  of 
the  rod  parallel  to  its  axis,  the  pins  of  all  the  keys  would  arrest 
the  revolution  of  the  rod  in  exactly  the  same  position ;  and  as 
it  will  presently  appear  that  the  position  in  which  the  rod  is 
stopped  determines  the  signal  transmitted,  it  would  follow  as,  a 
consequence  that  in  such  case  all  the  keys  would  transmit  the 
same  signal,  and  the  indicator  at  the  station  to  which  the  de- 
spatch is  to  be  transmitted  would  always  return  to  the  same 
letter  upon  the  dial. 

To  prevent  this,  and  to  vary  the  signal  in  the  necessary 
manner,  the  projecting  arms  are  inserted  in  the  steel  rod 
according  to  a  spiral  or  heliacal  line,  surrounding  it  like  the 
thread  of  a  screw ;  so  that  if,  for  example,  the  rod  be  placed  so 
that  the  first  projecting  arm  corresponding  to  the  key  marked 
with  the  cross,  points  directly  upwards,  the  fourteenth  which 
corresponds  to  the  key  M,  will  point  directly  downwards  ;  and 
the  intermediate  arms  will  point  at  angles  more  and  more 
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inclined  from  the  upward  direction,  each  being  deflected  from 
the  upward  direction  more  than  the  preceding  one,  by  the 
fourteenth  part  of  the  half  circumference. 

In  like  manner,  in  proceeding  from  the  arm  corresponding 
with  the  key  M,  which  points  downwards,  each  successive  arm 
will  be  more  and  more  deflected  from  the  downward  direction  r 
each  being  more  deflected  from  it  than  the  preceding  one  by 
the  fourteenth  part  of  half  the  circumference. 

Thus  the  twenty- eight  projecting  arms  divide  the  circum- 
ference of  the  rod  into  twenty-eight  equal  parts;  and  con- 
sequently in  a  revolution  of  the  rod,  the  arms  come  successively 
to  the  position  in  which  they  point  upwards  and 'in  which  they 
would  encounter  the  pin  projecting  from  the  bottom  of  the  key; 
if  that  pin  were  thrown  in  their  way  by  the  key  being  pressed 
down  by  the  finger. 

It  will  be  evident,  therefore,  that  if  from  any  cause  the  steel 
rod  be  made  to  revolve,  its  motion  may  be  stopped  at  twenty- 
eight  different  points  of  its  complete  revolution  by  means  of  the 
depression  of  the  twenty-eight  keys.  "We  shall  now  show  how 
a  motion  of  revolution  is  imparted  to  this  rod. 

To  its  right-hand  extremity  is  fixed  a  ratchet-wheel,  which 
is  in  connection  with  a  train  of  clockwork,  moved  in  the  usual 
manner  by  a  mainspring.  This  clockwork  is  contained  within 
the  case  of  the  apparatus.  If  it  be  wound  up,  and  if  nothing 
obstructs  its  action,  a  motion  of  continuous  rotation  will  be  im- 
parted to  the  ratchet-wheel,  and  by  it  to  the  steel  rod;  and  this 
motion  will  be  more  or  less  rapid  according  to  the  force  of  the 
mainspring,  and  the  adjustment  of  a  fly  which  is  connected 
with  it.  They  are  so  adjusted  as  to  cause  the  rod  to  revolve 
two  or  three  times  in  a  second.  But  in  the  teeth  of  the  ratchet- 
wheel,  a  catch  is  inserted,  which  counteracts  the  mainspring 
and  prevents  the  motion,  which  can  only  take  place  when  this 
catch  is  withdrawn.  A  bar  is  suspended  parallel  to  the  keys, 
and  under  them,  by  a  contrivance  called  in  mechanics  a  parallel 
motion,  by  means  of  which  any  of  the  keys  when  pressed  by 
the  finger  will  lower  it.  This  bar  rests  upon  the  arm  of  the 
catch  engaged  in  the  teeth  of  the  ratchet-wheel,  so  that  when- 
ever any  key  is  put  down  by  the  finger,  the  bar  is  depressed, 
the  catch  disengaged,  the  wheel  liberated,  and  a  motion  of 
revolution  imparted. 

On  the  left  hand  extremity  of  the  steel  rod  is  fixed  a  corn- 
mutating  wheel,  similar  in  principle  to  that  already  described 
in  the  railway  telegraph.  This  wheel,  being  fixed  upon  the 
rod,  turns  with  it,  moving  when  it  moves,  and  stopping  when 
it  stops.  Since  the  position  in  which  the  rod  stops  is  deter- 
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mined  by  the  key  put  down,  the  position  in  which  the  wheel 
(thus  fixed  on  the  rod)  stops  is  similarly  determined.  This 
wheel  determines  the  pulsation  of  the  current,  and  these  pulsa- 
tions determine  the  position  of  the  indicator  at  the  station  to 
which  the  despatch  is  transmitted,  in  a  manner  which  is  sub- 
stantially the  same  as  those  already  described. 


Fig.  123.— House's  American  Printing  Telegraph. 


CHAPTER  XIII. 

LETTER  PRINTING  TELEGRAPHS. 

157.  House's  American  type  printer. — 158.  Brett's  English  type  printer. — 
159.  Hughes'  improved  printing  telegraph. — 160.  Bonelli's  chemical 
type  instrument. 

157.  THE  House  telegraph,  which  was  brought  into  use  in  the 
United  States,  is  an  example  of  the  class  of  printing  telegraphs, 
that  is,  instruments  which  print  in  the  ordinary  letters  the  de- 
spatch at  the  station  to  which  it  is  addressed,  by  means  of  a 
power  worked  at  the  station  from  which  it  is  transmitted.  In  a 
certain  sense,  this  is  accomplished  by  the  various  forms  of  re- 
cording telegraph  already  described,  but  in  these  cases  the 
despatch  is  printed  or  written  in  cipher,  which  is  attended  with 
the  inconvenience  of  being  understood  only  by  those  who  possess, 
and  are  sufficiently  familiar  with  the  key.  The  process  of 
deciphering  it,  and  writing  it  in  common  characters,  occupying 
more  or  less  time ;  for  some  purposes,  such  for  example  as  that 
of  journalism,  this  time  must  be  taken  into  account  in  estimat- 
ing the  practical  celerity  of  communications  ;  inasmuch  as  the 
despatch,  until  so  interpreted,  is  not  available  by  the  parties  to 
whom  it  is  addressed. 

A  telegraph  which  instead  of  impressing  on  paper  characters 
in  cipher,  would  impress  the  characters  of  common  letter-press, 
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«ven  though,  these  should  be  transmitted  and  impressed  at  a 
slower  rate  than  that  of  the  transmission  of  the  characters  in 
cipher,  might  nevertheless  be,  in  effect,  more  expeditious;  more 
time  being  saved  by  superseding  the  process  of  interpreting 
the  cipher,  than  is  lost  by  the  relative  slowness  of  the  trans- 
mission. 

It  is  evident  that  these  observations,  being  general,  are 
applicable,  not  only  to  the  instrument  we  are  now  about  to  de- 
scribe, but  to  all  others  of  the  same  class. 

As  the  action  of  several  trains  of  wheels  is  required  in  moving 
on  the  type  wheel  as  well  as  the  ribbon  of  paper,  and  in  stopping 
both  at  the  required  instant  when  the  impression  of  the  letter  is 
made ;  the  intricate  and  expensive  construction  of  mechanical 
type-printing  telegraphs  has  hitherto  prevented  their  general 
adoption.  It  is  found  that  a  specially  skilled  class  of  operators 
is  necessary  to  work  and  regulate  them. 

House's  printing  telegraph,  like  all  other  telegraphic  in- 
struments, consists  of  two  distinct  parts :  a  commutating  appa- 
ratus to  govern  the  transmission  of  the  current,  and  a  printing 
apparatus  upon  which  the  current  arriving  from  a  distant  sta- 
tion operates. 

The  manner  in  which  the  transmission  of  the  current  is  con- 
trolled by  the  keys  of  the  finger-board,  is  substantially  the 
same  as  in  Froment's  telegraph.  The  wheel,  however,  that 
produces  by  its  revolution  the  pulsations  of  the  current,  is 
moved,  not  as  in  Froment's  by  clockwork,  but  by  the  foot  of  the 
operator,  acting  upon  a  treddle  like  that  of  a  lathe,  which  is  seen 
under  the  case  of  the  commutator  in  fig.  123. 

The  rotation  of  this  wheel  is  arrested  at  the  point  correspond- 
ing to  any  desired  letter,  by  putting  down  with  the  finger  the 
key  upon  which  that  letter  is  engraved ;  in  exactly  the  same 
manner  and  by  the  same  mechanical  expedient  as  in  Froment's 
telegraph. 

The  keys,  upon  the  key-board  of  this  instrument,  govern  by 
means  of  the  pulsations  of  the  current  the  motion  and  position 
of  a  dial  or  wheel  at  a  distant  station,  inscribed  with  similar 
characters,  in  the  same  manner  as  has  been  already  explained  in 
the  case  of  the  French  railway  telegraphs. 

Let  us  then  suppose  that  by  putting  down  any  key,  that 
inscribed  with  A  for  example  at  the  station  s,  a  certain  dial  or 
wheel  at  s',  having  upon  it  letters  corresponding  with  those  of 
the  key-board  at  s,  is  so  moved  that  the  letter  A  is  brought  into 
a  certain  position.  The  letters  upon  this  wheel  are  formed  in 
relief  like  type,  and  when  successively  brought  into  the  neces- 
sary position  by  the  action  of  the  current,  having  previously 
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passed  in  contact  with  an  inking  apparatus,  a  band  or  ribbon  of 
paper  is  pressed  against  them  by  means  provided  at  the  station 
s',  and  the  impression  of  the  letter  is  made  upon  the  paper.  By 
the  next  action  of  the  current,  the  succeeding  letter  transmitted 
is  brought  to  the  same  position,  the  ribbon  of  paper  being 
meanwhile  drawn  forward,  another  impression  takes  place,  and 
so  on. 

The  apparatus  by  which  the  ribbon  of  paper  is  moved,  the 
type  inked,  and  the  paper  pressed  against  it  is  not  worked  by 
the  current.  That  process  is  effected  by  mechanism  put  in 
•operation  by  the  agent  at  the  station  at  which  the  despatch  is 
received  and  contained  in  the  case  A  H. 

In  the  figure,  the  ribbon  of  paper  is  represented  at  F,  upon  a 
roller  from  which  it  is  gradually  drawn,  as  letter  by  letter  the 
words  of  the  despatch  are  impressed  upon  it  at  c.  The  black 
band  which  appears  upon  another  roller  is  an  endless  strap  by 
which  the  types  are  inked. 

In  the  mechanism  as  well  of  the  transmitting  as  of  the 
receiving  apparatus,  there  are  many  details  showing  much 
ingenuity  of  contrivance,  and  resources  of  invention;  which, 
however,  are  too  complicated  to  admit  of  any  clear  exposition 
without  numerous  plans  and  sections,  and  which  we  must  pass 
over. 

The  printing  apparatus,  at  the  station  at  which  the  despatch  is 
received  is  put  in  operation  by  the  action  upon  the  treddle  in 
the  same  manner  as  in  the  transmitting  apparatus  at  the  other 
station. 

The  galvanic  apparatus,  which  supplies  the  current  for  work- 
ing this  apparatus,  is  the  battery  of  Grove.  About  thirty 
cylindrical  pairs  are  necessary  for  a  distance  of  100  miles. 

The  first  line  operating  with  this  apparatus  was  established 
between  New  York  and  Philadelphia  in  1849. 

HOUSE  AND  BRETT'S  ENGLISH  PRINTING  TELEGRAPH. 

158.  The  late  Mr.  Brett,  who  obtained  celebrity  by  his  suc- 
cessful exertions  in  establishing  electric  communication  by 
submarine  cables  between  the  United  Kingdom  and  the  con- 
tinent of  Europe  in  1850-1,  took  out,  conjointly  with  Mr. 
House,  a  patent  for  a  printing  telegraph,  the  original  form  of 
which  is  represented  in  fig.  124. 

The  apparatus,  like  that  of  House's  American  telegraph, 
already  described,  consists  of  a  key-board,  which  is  the  transmit- 
ting apparatus  or  commutator,  and  does  not  differ  in  any  im- 
portant particular  from  that  already  described.  The  receiving 
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and  pointing  apparatus  is  also  very  similar,  and  stands  upon  the 
key-board.     In  front  is  an  indicating  dial,  the  hand  upon  which 


Fig.  124. — House  and  Brett's  English  type  printer. 

points  successively  to  the  letters  printed  upon  the  scroll  of  paper 
by  the  apparatus  behind  the  dial.  The  printing  apparatus,  with 
modifications,  is  similar  to  that  of  House's  American  instrument. 

159.  Professor  Hughes,  of  America,  has  invented  a  modification 
of  the  letter  printing  telegraph,  which  has  considerable  advantage 
over  the  previous  instruments  of  this  kind.  Instead  of  sending 
a  series  of  separate  currents  to  bring  round  the  letters  of  the 
alphabet  consecutively,  according  to  the  number  of  currents 
sent ;  he  uses  a  single  current  for  each  letter.  The  duration  of 
the  current  determines  the  letter  to  be  printed,  by  acting  upon 
the  rotating  type  wheel  at  the  distant  station. 

Such  a  plan  necessitates  the  train  of  wheels  moving  isochron- 
ously  at  .both  ends,  and  to  produce  this  a  short  spring  pendulum 
is  employed  to  regulate  the  clockwork  escapement  of  the 
apparatus.  The  vibrations  of  the  pendulum  can  be  varied  in 
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speed  by  shifting  a  weight.  This  instrument  is  shown  in 
figs.  125  and  126.  It  is  now  used  to  some  extent  in  America, 
France,  England,  and  elsewhere. 


L 


[Fig.  125.— Hughes'  American  Printing  Telegraph. 


160.  Mr.  Bonelli  has  also  introduced  a  form  of  letter-printing 
telegraph,  which  is  a  modification  of  the  Bain  chemical  or  Bake- 
well  copying  telegraph.  The  instrument  requires  five  conduct- 


Fig.  126.— Hughes'  Printing  Instrument  (Vertical  Plan). 


ing  wires,  each  in  connection  with  a  platinum  point  resting  upon 
part  of  a  letter  set  in  type.     By  moving  the  type  frame  forward 
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a  series  of  contacts  are  made  as  the  points  press  upon  the 
different  projections  of  the  letters,  and  corresponding  marks  are 
thus  made  by  the  currents  passing  through  a  riband  of  chemic- 
ally prepared  paper  at  the  distant  station. 

Of  course  the  practical  objection  to  this  form  of  instrument 
consists  in  the  number  of  telegraph  wires  employed,  and  the 
time  lost  in  setting  up  messages  in  type. 


Fig.  127.— Time-ball  Apparatus.    Section. 


CHAPTER  XIV. 

THE  TRANSMISSION   OF  TIME,  WEATHER  OBSERVATIONS, 
AND  STORM  WARNINGS. 

161.  The  object  of  telegraphing  accurate  time. — 162.  Electric  time-balls. — 
163.  The  regulation  of  clocks  by  electricity ;  objections  to  early 
methods. — 164.  Improved  plan  of  R.  L.  Jones,  and  its  application  in 
London,  Liverpool,  Glasgow,  Edinburgh,  &c. — 165.  Meteorological 
messages  from  telegraph  stations  to  Board  of  Trade. — 166.  Warnings 
telegraphed  on  indications  of  storms. — 167.  Forecasts  of  weather. 

161.  THE  telegraphic  transmission  of  accurate  time  by  electric 
currents  from  Observatories  to  public  clocks  and  time-balls,  has 
within  the  last  few  years  become  of  considerable  importance. 

It  may  be  said,  ' '  but  what  is  the  great  benefit  arising  from 
extreme  accuracy  ?  If  a  clock  keeps  time  within  a  few  seconds, 
or  even  a  minute  or  two,  it  answers  the  purpose."  So  it  may 
for  those  who  have  no  occasion  to  cross  the  sea ;  but  to  sailors 
exactitude  in  time  is  everything,  and  unless  their  chronometers 
are  carefully  rated  and  timed  before  they  set  sail,  their  errors 
may  set  a  ship  many  miles  out  of  its  proper  course,  and  lead  to 
wreck. 

o  2 
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162.  Hence  it  is  that  for  some  years  past  time-balls  have 
been  regularly  dropped  at  a  fixed  hour  in  London,  Liverpool, 
Glasgow,  Deal,  &c.,  by  currents  from,  the  nearest  Observatory; 
thus  enabling  captains  to  check  the  going  of  their  chronometers 
daily  while  in  port. 

The  apparatus  employed  is  very  simple.  The  time-ball  is 
retained  at  the  top  of  a  staff  passing  through  its  centre,  by 
means  of  a  catch.  The  soft  iron  armature  of  an  electro-magnet 
forms  one  end  of  a  lever  connected  with  the  catch.  As  soon  as 
the  electric  current  is  passed  from  the  Observatory  the  electro- 
magnet attracts  the  armature,  thus  drawing  away  the  catch 
and  allowing  the  time-ball  to  drop  by  its  own  gravity.  To 
break  the  force  of  its  fall  it  is  made  to  press  down  the  piston  of 
a  partially- closed  air  cylinder  in  its  descent ;  the  compression  of 
the  air  acts  as  an  elastic  buffer,  and  gently  arrests  the  lower 
part  of  its  fall.  A  sectional  view  of  this  arrangement  is  shown 
in  fig.  127. 

The  current  is  sent  at  an  arranged  moment  by  a  clock  at  the 
Observatory,  which  is  of  course  continually  regulated  to  true 
time  by  observation.  A  glass  or  ivory  disc,  revolving  on  the 
same  axis  as  the  seconds  wheel,  has  a  small  metallic  contact 
at  one  point  of  its  circumference,  and  this  is  brought  against  a 
spring  at  a  given  second,  thus  connecting  up  a  battery  with  the 
wire  leading  to  the  time-ball. 

163.  Let  us  now  see  how  public  clocks  can  be  regulated  and 
controlled  second  by  second  from  an  Observatory. 

The  early  methods  of  applying  electricity  to  clocks  failed, 
because  too  much  was  attempted;  the  currents  were  either 
made  actually  to  drive  the  clock,  or  to  release  its  escapement ; 
and  if  anything  failed  in  connexion  with  the  battery,  conduct- 
ing wire,  or  other  apparatus,  the  clocks  were  stopped.  In 
addition  to  this  objection  the  current  required  was  so  excessive 
that  expensive  forms  of  battery  were  necessary. 

164.  Now,  however,  by  an  invention  of  Mr.  E.  L.  Jones,  the 
current  is  simply  made  to  act  as  a  sort  of  bridle  or  check  upon' 
the  motion  of  the  pendulum  bobs  of  an  ordinary  clock,  the  only 
alteration  consisting  in  an  electric  coil  of  equal  weight  being 
substituted  for  the  metallic  bob.     Two  small  steel  magnets  are 
fixed,  one  on  each  side  of  the  centre  of  the  arc  of  vibration,  so 
that  the  coil  bob  moves  alternately  over  one  or  the  other  during 
its  beat. 

A  regulator  clock  at  the  Observatory  is  so  arranged  that  its 
pendulum  at  each  end  of  its  beat  presses  a  light  spring  and 
makes  contact  with  a  battery,  thus  sending  a  short  current 
each  second  through  the  wire  coil  forming  the  bob  of  each 
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public  or  other  clock,  to  which  the  conducting  wire  from  the 
Observatory  is  joined.  When  the  current  passes  the  coil  pen- 
dulum bob  of  each  regulated  clock  becomes  momentarily  mag- 
netised ;  and  its  poles,  thus  created,  exercise  a  mutual  action 
upon  the  poles  of  the  steel  magnet  over  which  it  passes. 

This  method  of  regulation  is  shown  in  Fig.  128 :   A  is  the 
pendulum  of  the  regulator  at  the  Observatory,  in  connexion 


Fig.  128. — Diagram  exemplifying  Jones'  method  of  clock  regulation  by 
electricity. 

with  the  battery  and  conducting  wire ;  B  the  pendulum  of  one 
of  the  public  clocks  regulated,  with  its  bob  formed  by  a  wire 
coil.  The  fixed  steel  magnets,  c  c,  over  which  the  bob  of  B 
passes  in  its  beat,  are  shown  below  the  coil,  but  in  practice  are 
so  placed  that  they  enter  the  hollow  centre  of  the  pendulum 
coil  as  it  moves. 

If  the  pendulum  is  coincident  in  beat  (when  polarised)  with 
the  Observatory  pendulum,  and  therefore  at  the  required  point 
of  its  vibration  when  the  current  arrives,  its  motion  will  not  be 
affected  by  the  magnetic  action  between  the  coil  bob  and  the 
fixed  magnet.  But  if  on  the  contrary  the  normal,  or  uncon- 
trolled, rate  of  the  regulated  clock  is  either  fast  or  slow ;  in  the 
former  case  a  slight  retarding,  and  in  the  latter  an  accelerating, 
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impulse  will  "be  communicated  to  the  pendulum  by  the  cor- 
rective action  of  the  electric  current.  The  effect  of  this  is 
either  to  check  or  pull  on  the  pendulum  during  each  of  its 
vibrations. 

As  a  clock,  even  with  a  great  rate  of  error,  cannot  vary  much 
in  the  course  of  a  second,  it  is  found  in  practice  that  large  public 
clocks  may  be  brought  under  the  most  absolute  control  by  the 
influence  of  an  exceedingly  feeble  battery.  The  system  was 
first  applied  about  ten  years  ago  to  the  control  of  various  public 
clocks  at  Liverpool  by  Mr.  Hartnup,  the  astronomer,  in  con- 
junction with  the  writer;  and  has  since  continued  to  afford  the 
most  satisfactory  results.  A  seconds  clock  on  the  Exchange 
has  enabled  the  various  clock-makers  to  regulate  their  chro- 
nometers with  the  utmost  exactitude ;  and  the  large  Town-Hall 
clock  with  other  public  clocks  have  been  kept  truly  to  Green- 
wich mean  time,  with  little  or -no  trouble,  and  at  a  trifling  cost 
even  compared  with  the  ordinary  clockmaker's  charge  for  regu- 
lation. The  method  has  since  been  introduced  in  London,  and 
has  also  been  very  extensively  adopted  in  Glasgow  by  Professor 
Grant,  and  at  Edinburgh  by  Professor  Piazzi  Smyth,  in  con- 
nexion with  their  Observatories.  Some  of  the  church  and  other 
public  clocks  regulated  are  old  and  ill-made,  previously  keep- 
ing wretchedly  bad  time — frequently  minutes  wrong ;  but  since 
this  simple  electric  check  was  applied,  they  have  gone  with  the 
closest  accuracy. 

In  the  event  of  any  temporary  interruption,  from  accident  or 
otherwise,  to  the  transmission  of  the  electric  current,  this  sys- 
tem has  the  great  advantage  of  not  stopping  the  public  clocks. 
They  continue  to  go  with  their  normal  rate  of  error  whatever  it 
may  be,  until  the  conducting  wire  or  battery  is  put  right  and 
communication  with  the  Observatory  regulator  restored.  It  is 
needless  to  point  out  that  the  plan  might  be  readily  adopted  in 
connection  with  the  great  clock  in  the  tower  of  Westminster 
Palace,  and  with  the  various  minor  timepieces  in  the  Houses  of 
Parliament,  so  as  to  keep  them  all  isochronous  for  the  informa- 
tion of  members. 

A  slight  modification  of  the  arrangement  has  been  introduced 
by  Sir  Win.  Thompson  in  connection  with  the  Glasgow  clocks, 
by  means  of  which  "two  seconds"  pendulums  can  be  con- 
trolled in  conjunction  with  "  seconds  "  pendulums  on  the  same 
wire. 

In  Liverpool  an  addition  is  made  by  which  each  clock  regu- 
lated sends  a  signal  back  to  the  Observatory,  deflecting  a  gal- 
vanometer needle  at  a  given  second  in  each  minute,  as  if  to  say 
"I'm  right!" 
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165.  The  system  of  meteorological  telegrams  and  storm 
warnings,  devised  some  years  ago  by  the  late  Admiral  Fitzroy, 
and  carried  out  by  him  under  the  auspices  of  the  Board  of 
Trade,  has  proved  of  great  service  to  mariners;  especially  to 
those  engaged  in  the  coasting  trade  and  fisheries,  where  the 
small  size  of  the  vessels  employed,  coupled  with  their  sailing  as 
a  rule  within  a  short  distance  of  land,  render  them  peculiarly 
liable  to  disaster  from  storms. 

The  arrangements  are  to  collect,  several  times  daily,  simul- 
taneous readings  of  barometers  and  thermometers,  together 
with  details  as  to  the  weather,  from  a  number  of  points  extend- 
ing over  an  area  of  a  thousand  or  more  miles  square ;  stretching 
between  L' Orient  and  Rochefort  in  the  south,  Galway,  Yalentia, 
and  Cape  Clear  in  the  west,  and  Nairn,  Helder,  and  Skuddes- 
nses  in  the  north  and  north-east.  The  meteorological  office  in 
London  thus  becomes  aware  of  the  approach  of  dangerous  winds 
at  the  confines  of  the  signalling  area,  a  day  or  two  before  they 
reach  our  channels  and  ports. 

Storms  are  for  the  most  part  circular,  rotating  upon  a  centre 
like  an  eddy  in  a  river;  and  while  the  currents  of  air  and 
vapour  may  be  sweeping  along  very  rapidly  in  a  curve  within 
the  limits  of  disturbance,  the  body  of  the  storm  usually  pro- 
gresses comparatively  slowly ;  so  that  ample  time  for  warning 
exists,  as  a  rule,  after  the  indications  of  its  approach  are  re- 
ceived from  the  outside  observing  stations. 

In  the  temperate  zone  of  the  earth  in  which  the  British 
Islands  are  placed,  the  atmosphere  has  a  general  progression  as 
a  rule  towards  the  east.  Storms,  or  vast  eddies  between  great 
breadths  of  antagonistic  currents  of  air,  are  therefore  translated 
eastward,  being  more  or  less  deflected  by  local  conditions  to- 
wards the  north  or  south ;  and  having  passed  the  meridian  of 
any  place  are  gone.  Hence  it  is  obvious  that  in  temperate  zones 
reporting  stations  are  required  north,  west,  and  south  of  the 
central  warning  office ;  but  not  towards  the  east. 

The  observations  are  obtained  in  the  following  way : — Each 
of  a  number  of  signalling  telegraph  stations  round  the  coast  is 
supplied  with  a  standard  barometer,  a  wind  vane,  and  two 
thermometers — one  with  a  wet  bulb.  At  8  A.M.  each  station- 
master  observes  the  index  of  the  barometer  and  thermometers; 
the  direction  of  the  wind,  the  force  of  which  he  also  estimates ; 
the  state  of  weather  as  to  cloud,  rain,  snow,  &c. ;  and  also  the 
amount  of  sea  disturbance.  He  embodies  all  these  facts  in  a 
concise  form  of  cypher  message,  in  which  the  results  are  ex- 
pressed by  a  series  of  six  groups  of  five  figures  each. 

The  following  is  a  specimen  message  : — 
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GALWAY    TO   BOARD    OF    TRADE,  LONDON. 

29046  — 
54513  _ 

50308  — 
06534  — 
05063  — 
03322  — 

EXPLANATION  OF  ABOVE. 
29.046     Height  of  barometer,  iii  inches  and  decimals. 

54  Height  of  thermometer,  in  degrees. 

51.3     Height  of  exposed  thermometer,  in  degrees  and  tenths. 

50.3         Height  of  moistened  thermometer,  in  degrees  and  tenths. 
08     Direction  of  wind  in  a  series  of  32  points. 

06  Force  of  wind,  estimated  in  12  degrees. 

5  Amount  of  cloud,  estimated  in  9  degrees. 

3       Weather  :  Character  of  weather  given  by  9  figures. 
4     Sea  disturbance  :  amount  given  by  9  figures. 

05  Average  direction  of  wind. 

06  Force  of  wind. 
3     Weather. 

„.  ,  ,  ,.        ,,,  ;  Since  last  report. 

033        Highest  or  lowest  reading  of  barometer.    ' 

22     Highest  or  lowest  reading  of  exposed 
thermometer. 

These  messages  are  received  from  the  various  points  by  the 
meteorological  office  in  London  between  8  A.M.  and  9  A.M.  ;  a 
similar  series  of  observations  being  also  telegraphed  at  1  P.M. 
Thus  the  staff  at  the  central  office  have  prompt  data  supplied 
on  which  to  base  their  calculations ;  and  are  presented  with  a 
sort  of  bird's-eye  view  of  the  atmospheric  condition  of  a  great 
area,  including  the  British  Isles,  south-west  coast  of  France, 
and  Holland. 

166.  Upon  the  advent  of  foul  weather  being  thus  indicated, 
the  London  office  at  once  dispatches  messages  giving  warning 
to  the  principal  ports  and  coast-guard  stations ;  and  signals  are 
hoisted  without  delay  at  conspicuous  points,  to  give  notice  of 
the  expected  storm  to  vessels  in  the  vicinity. 

The  storm  signals  hoisted  to  warn  ships  consist  of  a  cone  and 
drum,  which  are  used  to  indicate  the  nature  and  probable  direc- 
tion of  the  expected  gale.  They  are  made  of  black  painted 
canvas  mounted  on  hoops.  The  cone  when  seen  from  any 
direction  appears  as  a  triangle,  and  the  drum  as  a  square. 
When  the  point  of  the  cone  is  upwards,  it  signifies  that  the 
storm  will  probably  commence  from  the  northward ;  and  if  the 
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point  is  down,  from  the  south.     The  drum  indicates  dangerous 
winds  expected  in  various  directions  successively. 
These  signals  are  shown  in  Fig.  129. 

Fig.  129. — Board  of  Trade  Storm  Warnings. 


Cone  up.  Cone  down. 

Northerly  gale  Southerly  gale 

expected.  expected.  expected. 

At  night  the  signals  are  given  by  means  of  three  lamps  in  a 
frame,  to  represent  the  cone  or  triangle ;  and  four,  for  the  drum 
or  square. 

The  objection  has  been  raised  that  mariners  may  be  made 
unnecessarily  fearful  of  venturing  to  sea,  by  these  warnings  of 
.an  approaching  storm,  but  surely  this  is 'not  probable.  All 
captains  consult  their  ship  barometers  to  judge  of  coming 
weather,  as  well  as  they  can,  in  their  own  immediate  vicinity ; 
and  how  much  better  is  it  to  be  furnished  at  the  same  time 
with  the  condensed  result  of  a  vast  series  of  observations  over  a 
greatly  extended  area.  Forewarned  on  board  ship  is  forearmed ; 
and  if  a  captain  sails  knowing  the  approach  of  bad  weather  and 
the  quarter  whence  it  is  coming,  he  can  get  well  clear  of  land 
betimes,  and  have  everything  ready  on  board  to  meet  the 
storm. 

167.  The  occasional  storm  warnings  were  for  a  time  supple- 
mented by  daily  forecasts  of  the  weather  from  the  meteorological 
office;  but  these  have  not  as  yet  been  found  thoroughly  reliable, 
although  of  course  the  inference  drawn  from  the  admonitions  of 
a  barometer  are  much  more  valuable  when  corroborated  by 
simultaneous  readings  of  many  instruments  spread  over  a  con- 
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tinent.  The  further  the  telegraph  is  extended  the  longer  will 
be  the  possible  period  of  fore- casting  ;  and  now  that  America  is 
linked  by  the  wires  to  Europe,  Asia,  and  Africa,  it  is  probable 
that  soon  any  important  pulsations  of  our  atmospheric  ocean 
will  be  signalled  days  beforehand  all  over  the  globe,  and  a  vast 
meteorological  system  carried  on  by  telegraph. 

To  exemplify  the  benefit  derivable  from  Storm  Signals  and 
their  accuracy,  the  following  short  extract  is  added  from  a 
Report  of  the  Meteorologic  Department  of  the  Board  of  Trade. 


Date. 


Caution  transmitted. 


"Weather  following  Cautions. 


1864. 
9th  Jan.    South   cone   (western  A  gale  from  S.S.E.  to  S.S.W.  on  the 

I  P.M.          coasts).  llth,  on  the  west  coasts  of  England  ! 

and  Ireland. 

llth  Jan.    Drum  (on  all  coasts).  On  the  12th  the  wind  blew  generally 
5  P.  M.  from  S.  E.  to  S.  W. ,  strong  to  a  gale, 

but  moderated  as  it  changed  to 
N.W.  and  N.E.  The  gale  was 
more  severe  on  the  western  and 
southern  than  on  the  eastern  coasts. 

16th  Jan.  South  cone  (on  south- A   strong  southerly  gale  continued 
5  P.M.          ern     and    western!     from  the  night  of  the  1 6th  till  the 
coasts).  evening  of  the  17th  on  the  western 

and  southern  coasts  ;  and  was  felt 
as  a  strong  wind  on  the  eastern 
coasts  on  the  17th. 
21st  Jan.    South    cone    (on    all  On  the  22nd  a  strong  south-westerly 

II  A.M.         coasts).  gale    prevailed    (heaviest   on  the  \ 

south  and  west  coasts),  followed 
by  strong  westerly  winds  on  the 
23rd.  The  Lucinde  of  Lynn  en- 
countered this  gale  about  6  miles 
S.E.  of  Coquet  Island  and  was  dis- 
abled ;  the  captain  speaks  of  the 
storm  as  a  hurricane. 

1st  Feb.      South    cone    (on    all  A  strong  south-westerly  gale  on  all 
1  P.M.          coasts).  coasts  from  the  2nd  to  the  3rd. 

The  gale  decreased  as  the  wind 

*  The  Craigs  reports  :—  "On  January  13th,  lat.  48°  N.,  long.  34  W., 
encountered  a  gale  from  S.S.W.  At  8  A.M.  wind  shifted  westerly,  and  at 
10  A.M.  came  N.W.  in  a  terrific  squall ;  the  sails  being  immediately  blown 
away  in  ribbons,  such  was  the  violence  of  the  gale." — Shipping  Gazette. 

"  The  brig  lanthe  from  New  York  reports  having  experienced  a  suc- 
cession of  southerly  and  westerly  gales  the  entire  passage,  and  that  on  the 
night  of  the  13th,  in. lat.  49°  10'  N.,  long.  24°  20'  W.,  encountered  a 
hurricane,  commencing  from  S.S.W.  round  to  W.N.  W.  At  midnight, 
while  lying  to  under  close-reefed  maintopsail  and  reefed  stormstaysail,  a 
heavy  squall  blew  them  to  shreds,  throwing  the  ship  on  her  beam  ends 
and  shifting  the  cargo." — Shipping  Gazette. 
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Date. 


8th  Feb. 
1  P.M. 


10th  Feb. 
4  P.M. 


12th  Feb. 
11  A.M. 


Caution  transmitted. 


Drum  (on  northern, 
western,  and  south- 
ern coasts). 


Drum      (on      eastern 


South  cone  (on  north 
ern     and     western 
coasts). 


Weather  ollowing  Cautions. 


drew  round  to  W.  and  N.W.  The 
weather  was  squally  and  unsettled, 
in  the  north,  previous  to  the  re- 
ceipt of  the  caution  ;  but  there 
was  subsequently  a  gale  from  S  .W. 
On  some  parts  of  the  east  coast 
the  gale  was  severely  felt;  from 
Staithes  it  is  reported  that  it  blew 
a  hurricane  at  that  place  through- 
out the  night  of  the  2nd,  with 
showers  of  hail  and  rain. 

On  the  10th  a  gale  on  the  south  and 
west  coasts  (the  direction  of  the 
wind  is  variously  given  from  all 
points  between  N.E.  and  S.)  and 
strong  north-easterly  winds  on  the 
north  coast.  Snow  fell  very  gene- 
rally all  over  the  country  between 
the  9th  and  llth. 

At  Wick,  "a  gale  raged  from  the 
night  of  the  9th  to  the  morning  of 
the  10th,  doing  serious  damage  to 
the  fleet  of  fishing  smacks  assem- 
bled there  ;  one  of  which  was  lost 
with  all  hands. "—  Shipping  Gazette 
and  John  O1  Groat  Journal. 

On  the  12th  and  13th  a  gale  on  the 
eastern  coast ;  the  wind  at  first 
blew  from  between  S.S.E.  and 
S.W.  and  then  changed  to  N.N.W. 
and  N.W.t 

Strong  gale  from  S.W.  to  W.  on  the 
north  and  west  coasts  on  the 
18th.  1 


t  Grimsby,  Feb.  14.— "Yesterday  it  blew  a  heavy  gale  from  S.W. 
About  2.30  P.M.  the  wind  suddenly  flew  to  the  W.N.W.,  blowing  a  com- 
plete hurricane  with  heavy  rain." — Shipping  Gazette. 

Filey,  Feb.  14.—  "  Yesterday  afternoon  a  most  violent  storm  of  wind 
and  rain  came  on  suddenly,  making  the  sea  almost  instantaneously  one 
complete  drift :— Observed  at  about  a  distance  of  four  miles  a  large  brig 
and  a  small  schooner  in  company.  Just  at  this  moment  a  terrific  gust 
struck  the  schooner  and  laid  her  on  her  beam  ends  :  'in  another  instant  she 
appeared  bottom  up,  and  the  next,  every  vestige  seemed  to  disappear."— 
Shipping  Gazette. 

t  Falmouth,  Feb.  15th. — "Capt.  John  Swain,  of  the  brig  Peep  a'Day, 
from  Pembroke  for  Nantes,  reports  : — On  the  13th  bore  up,  in  a  heavy 
gale  from  S.W.  from  lat.  49° N.,  long.  5°  50'  W.,  and  arrived  in  Falmouth 
on  Sunday  (13th)  at  1  P.M.  Made  another  attempt  to  get  to  the  south- 
ward on  the  night  of  the  13th,  but  found  it  impossible  to  do  so  on  account 
of  the  heavy  sea  running  in  the  channel." — Shipping  Gazette. 
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CHAPTER  XV. 

RAILWAY  TELEGRAPHS  AND  TRAIN  SIGNALLING. 

168.  The  electric  telegraph  essential  to  railways. — 169.  Their  use  of  con- 
versing apparatus.  — 170.  Principles'of  train  signalling. — 171.  Messrs. 
Walker's  telegraph  semaphore. — 172.  Preece's  electric  semaphore. — 
173.  Tyer's  train  signal  apparatus. — 174.  Disc  railway  telegraphs  of 
Messrs.  Bartholomew  and  Spagnoletti. — 175.  Communication  between 
passengers  and  guard. 

168.  KAILWAYS  were  the  first  to  give  practical  application  to 
the  telegraph  in  this  country ;  and  it  has  most  amply  repaid 
them.     Its  use  in  connection  with  the  working  details  of  the 
railway  network  has  continually  extended,  until  now  the  ad- 
vantage of  electric  agency  in  carrying  on  these  vast  under- 
takings can  scarcely  be  over-estimated.     While  some  wires 
appropriated  to  the  conversing  instruments  are  constantly  em- 
ployed in  giving  directions  connected  with  the  management  of 
the  concern,  as  to  engines,  carriages,  passengers,  goods,  lug- 
gage, &c. ;  other  wires  even  yet  more  important  in  their  use 
are  silently  engaged  in  signalling  on  the  passing  trains  from 
section  to  section,  and  guarding  them  from  injury.     By  other 
apparatus,  in  case  of  a  train  breaking  down  from  any  cause  the 
guard  is  enabled  to  signal  right  and  left  to  the  stations  on  each 
side,  by  means  of  which  following  trains  are  stopped  and  assist- 
ance summoned.     The  use  of  the  telegraph  on  railways  does  not 
stop  here,  but  is  now  introduced  into  the  trains  themselves,  so 
that  the  guard  and  driver  may  communicate,  and  passengers,  in 
case  of  need,  may  summon  the  guard  to  any  compartment  of 
the  train  by  a  simple  signal. 

The  railway  conversing  telegraph  is,  of  course,  one  form  or 
other  of  the  ordinary  instruments  used  by  the  telegraph  com- 
panies, and  does  not  therefore  need  particular  description  ;  but 
it  is  found,  as  a  rule,  that  the  less  complicated  the  apparatus 
is,  the  better,  as  it  has  to  be  worked  and  looked  after  in  many 
cases  by  the  porters  and  others  in  the  railway  employ  who  have 
little  or  no  knowledge  of  electrical  arrangements;  usually  a 
form  of  needle  telegraph  is  employed  for  this  purpose. 

169.  Before  proceeding  with  the  description  of  train  signal- 
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ling  apparatus,  and  with  that  used  for  communication  between 
passenger  and  guard,  the  various  employments  to  which  the 
conversing  telegraph  is  put  may  be  briefly  summarised.  Koll- 
ing  stock  and  stores  are  telegraphed  for,  and  promptly  sent 
from  one  point  to  another  whenever  wanted.  The  numbers  of 
passengers  of  each  class  coming  forward  from  other  railways, 
or  about  to  arrive  at  junctions,  are  accurately  transmitted, 
enabling  the  requisite  carriages  to  be  provided,  where  without 
such  information  there  might  be  too  few,  or  far  too  many  kept 
idle  at  the  junction  station.  In  the  same  way,  live  stock  and 
cargo  shipped  from  various  ports  are  signalled  to  the  railway 
termini  for  which  they  are  destined,  and  at  which  onward  car- 
riage will  be  required,  and  thus  the  requisite  wagons  are  ready 
in  advance  of  the  arrival  of  the  vessel. 

In  fact,  wherever  a  demand  for  extra  conveyance  arises,  the 
conversing  telegraph  steps  in  to  aid,  and  the  sensitive  wire 
fibres  convey  the  intelligence  to  head-quarters  or  the  nearest 
depot ;  and  whether  engines,  carriages,  wagons,  or  tarpaulins 
are  wanted,  they  can  be  at  once  directed  to  the  place  in  need. 

If  luggage  is  lost,  a  few  movements  of  the  needle  in  various 
directions  track  and  restore  it.  Again,  the  use  of  the  wires  is 
of  the  utmost  advantage  in  correcting  errors  in  the  transmission 
of  goods  and  in  expediting  their  delivery,  by  the  freedom  and 
promptitude  with  which  enquiries  on  such  subjects  can  be  made 
and  answered. 

The  two  principal  results  of  the  railway  telegraph  are  thus 
economy  and  safety — economy  in  rolling  stock  and  stores,  safety 
to  passengers  and  staff ;  besides  which,  a  far  greater  number  of 
trains  can  be  safely  passed  than  the  companies  dare  put  upon 
their  rails,  especially  on  crowded  sections,  without  this  wonder- 
ful adjunct.  The  quick  succession  and  varying  speed  of  trains, 
coupled  with  the  complication  of  points  and  approaches  to  the 
principal  stations  and  junctions,  have  rendered  essential  this 
instantaneous  and  careful  electric  monitor,  that  might  in  the  old 
times  of  slow  and  occasional  trains  perhaps  be  dispensed  with. 

Eailway  shareholders  may  congratulate  themselves  upon  this 
practical  realisation  of  the  old  fable  of  the  mouse  and  the  lion  ; 
many  meshes  encumbering  our  iron  roads  have  been  broken  by 
the  operation  of  the  puny  wires,  and  the  profits  from  such 
undertakings  immeasurably  increased.  It  is  indeed  a  question 
"whether  some  railways  would  pay  any  dividends  at  all  without 
the  assistance  of  the  telegraph  in  conducting  their  operations ; 
and  it  is  certain  that  without  this  agency  on  some  of  the  more 
important  lines,  the  rails  along  their  busier  sections  would  have 
to  be  doubled  and  in  some  cases  quadrupled  in  number,  at  a 
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ruinous  outlay,  in  order  to  accommodate  even  the  existing 
traffic. 

170.  In  train-signalling  it  is  customary  to  place  stations  within 
very  short  distances  of  each  other  near  the  termini  or  important 
junctions,  and  at  greater  distances  on  other  parts  of  the  railway, 
pretty  much  in  proportion  to  the  traffic  passed ;  the  principle 
being  to  prevent  any  train  passing  upon  a  given  section  between 
the  two  signalling  points,  until  the  preceding  train  has  been 
signalled  forward  from  the  station  in  advance.  With  this  pre- 
caution put  in  force,  no  two  trains  can  be  upon  the  same  section 
at  once,  and  the  chance  of  collision  is  thus  precluded.  This 
plan  is  known  as  the  "  block  system,"  and  is  of  course  some- 
what costly  to  introduce ;  but  when  we  look  at  the  expense  to 
the  railway  resulting  from  a  single  accident,  apart  from  the 
far  more  important  object  of  saving  life,  the  outlay  upon  such  a 
mode  of  safeguard  sinks  into  insignificance. 

Before  describing  the  various  plans  in  operation,  some  prin- 
ciples may  be  referred  to  that  should  be  characteristics  of  any 
train- signalling  arrangement.  The  first  essential  is  "  current 
equilibrium" — the  batteries  in  the  stations  at  the  opposite  ends 
of  each  section  being  connected  by  their  similar  poles  through 
their  respective  signalling  apparatus  to  the  wire,  as  shown  in  the 
following  diagram : — 


Fig.  131. 
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The  currents  thus  tending  to  pass  from  each  battery,  are 
opposed  and  balanced.  On  the  balance  being  disturbed  by  any- 
thing being  wrong  with  battery  or  wire,  the  instruments  are  at 
once  thrown  out  of  order,  and  signals  given  at  loth  ends.  The 
diagram,  Fig.  131,  shows  the  effect  of  a  leakage  of  electricity 
from,  any  cause  at  E,  allowing  a  flow  of  the  current  to  take 
place  from  the  batteries  at  both  ends.  There  is  thus  a  double 
advantage,  as  the  apparatus  acts  as  a  tell-tale  upon  itself,  and 
also  enables  a  guard  or  passenger,  by  merely  cutting  the  signal- 
wire  at  any  point  between  the  telegraph  stations,  to  announce 
at  once,  in  both  directions,  any  casualty ;  as  the  train- signalling 
apparatus  at  each  end  of  the  section  would  be  instantly  thrown 
out  of  order  till  the  wire  was  joined  together  again,  after  assist- 
ance arrived  or  the  train  was  enabled  to  proceed. 
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The  receiving  (or  indicating)  part  of  the  instrument  should 
be  so  arranged  that  the  warning  given  shall  remain  as  a  perma- 
nent record  till  removed  by  the  station  giving  the  warning. 

A  distinct  and  simple  form  of  signal  is  another  requirement, 
and  during  the  last  few  years  a  great  improvement  has  been 
effected  in  this  direction  by  the  actual  incorporation  of  the  ordi- 
nary railway  semaphore  signals  into  the  electric  apparatus ;  so 
that  those  in  charge  of  the  out-door  signals  and  points  are 
warned  by  the  same  signals  in  the  telegraph  instrument — signals 
with  which  every  railway  station-master,  pointsman,  or  porter 
is  necessarily  conversant.  The  advantage  of  this  method  is 
apparent,  even  apart  from  the  trouble  saved  in  teaching  the 
railway  emploj-es  any  novel  telegraph  signals. 

The  other  conditions  to  be  embodied,  as  far  as  practicable, 
are,  economy  in  number  of  wires,  low  battery  power,  easy  regu- 
lation, and  strength  of  apparatus,  so  that  it  may  bear  working 
by  the  heavy  hands  of  railway  pointsmen. 

In  some  apparatus  the  signals  are  supplemented  by  bells 
either  in  connection  with  the  same,  or  a  separate  wire. 


Fig/132. — Electro-magnetic  Telegraph  Semaphore.    Invented  by 
Messrs.  Walker. 

171.  The  first  train-signalling  instrument  I  shall  describe  is 
that  of  Mr.  C.  V.  Walker,  Telegraphic  Engineer  to  the  South- 
Eastern  Railway. 

The  exterior  or  indicating  part  of  the  apparatus  is  shown  in 
fig.  132,  and  presents  to  the  eye  of  the  railway  employe  a  rail- 
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way  semaphore  in  miniature.  The  shaded  or  warning  arm  is 
regulated  by  a  very  simple  arrangement  of  electro-magnets 
within,  and  is  only  moved  and  fixed  by  electric  signals  from  the 
other  station  upon  the  same  section.  The  position  of  the  left- 
hand  arm,  shaded  (red),  is  made  to  represent  from  time  to 
time  the  state  of  the  line  of  rails  to  which  it  belongs — whether 
"  clear  "  or  "  blocked" — in  precisely  the  same  language  as  the 
out-door  signal ;  so  that  a  signal-man  who  understands  the  one 
understands  the  other.  The  other  (white)  arm  moves  with  the 
signalling  key  of  its  own  instruments,  when  sending  warning 
to  the  other  station  as  to  the  state  of  the  down  line. 

The  semaphore  arms  have  but  two  motions :  when  up,  to 
indicate  a  train  on  the  line ;  when  down,  that  the  rail  is  clear. 
No  signal-man  can  alter  the  position  of  the  red  arm  on  his  own 
instrument,  and  it  is  put  up  behind  a  train  by  the  next  station, 
and  lowered  as  soon  as  the  train  has  passed  that  station.  Until 
put  down  by  the  other  station,  no  other  train  on  the  same  line 
of  rails  is  allowed  to  pass  on  to  the  section.  The  signal-currents 
are  set  in  motion  by  a  simple  form  of  contact-key.  The  internal 
arrangement  of  the  indicating  apparatus  is  shown  in  fig.  133. 


Fig.  133.— Walker's  Semaphore  Railway  Telegraph.    Diagram  of  indicating 
apparatus. 

Two  V-shaped  permanent  magnets,  c  c,  are  pivotted  on  the 
bearing  G.  A.  to-and-fro  motion  is  given  to  them  by  the  poles, 
A  A,  of  the  electro-magnetic  coils,  D  D.  The  pin  I,  which  is 
moved  by  the  magnets,  acts  upon  the  semaphore  arms,  and  is 
locked  by  the  stud  K  on  the  independent  armature  B. 

The  arrangements  are  so  made  that  the  arms  are  firmly  locked 
in  the  position  in  which  they  have  been  placed  by  the  electric 
current,  that  they  cannot  be  displaced  by  vibration  from  passing 
trains,  or  external  violence,  whether  accidental  or  not.  The 
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receipt  of  the  reverse  current  from  the  other  station  can  alone 
move  them. 

In  connection  with  the  semaphore  there  are  signal-bells,  by 
which  attention  is  first  called,  and  the  state  of  line  or  nature  of 
train  indicated  by  a  simple  system  of  beats,  before  the  sema- 
phore signal  is  changed. 

This  form  of  train-signal  instrument  combines  the  advantages 
of  simplicity  and  economy,  only  one  wire  being  required  to  signal 
the  state  both  of  the  up  and  down  lines  on  any  section  of  rail- 
way. The  method  has  been  put  to  the  severest  tests  on  the 
South-Eastern  and  other  railways,  particularly  where  the  traffic 
is  heaviest  and  most  intricate,  as  in  the  approaches  to  the 
London  Bridge  Terminus  and  the  Charing  Cross  and  Cannon 
Street  Stations. 

I  will  now  quote  a  few  important  rules  laid  down  by  the 
South-Eastern  Railway  to  preclude  two  trains  miming  on  any 
signalling  section  of  the  rails  in  the  same  direction  at  one 
time  : — 

"  Every  train  or  engine  must  be  signalled  out  to  the  next 
station  before  it  leaves  or  passes  a  station."  So  that  when  the  busi- 
ness of  the  day,  for  instance,  commences,  Station  B.  knows  that 
train  No.  1  is  asking  permission  to  come  to  him  from  Station  A. ; 
and,  to  prevent  all  misunderstanding — "  The  train  or  engine 
must  not  be  started,  or  allowed  to  pass,  until  the  next  station 
has  taken  the  out  signal."  It  is  not  enough  for  the  first  station 
to  give  the  signal — the  other  station  must  take  it ;  for,  ' '  no 
signal  given  by  one  station  is  complete  until  taken  by  the  other 
station  repeating  it ;  "  by  which  process  a  clear  understanding  is 
established  between  the  two  signallers,  that  the  precise  signal 
sent  by  one  is  received  by  the  other.  The  next  rule  applicable 
is,  that  "  every  train  or  engine  that  arrives  at  or  passes  a  station 
is  to  be  immediately  signalled  back  in  to  the  last  station ;  "  and 
it  follows,  from  what  has  been  already  stated,  that  "no  second 
train  or  engine  is  to  be  allowed  to  follow  till  the  in  or  arrival 
signal  of  the  previous  train  has  been  taken."  * 

It  is  also  provided  that  the  in  signal  is  only  to  be  given  when 
the  tail-lights  have  actually  been  seen,  or  the  guard  of  the  train 
spoken  to,  so  as  to  avoid  the  chance  of  any  part  of  the  train 
having  become  detached  and  left  behind  on  the  section  over 
which  the  train  has  just  been  signalled. 

172.  A  somewhat  similar  mode  of  signalling  was  devised  by 
Mr.  Preece  in  connection  with  the  South- Western  Railway.  A 
sketch  and  section  of  his  arrangement  is  shown  in  figs.  134  and 
135. 

*  "  Train  Signalling,"  by  C.  V.  Walker,  F.R.S. 
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The  principal  difference  between  this  plan 
and  Messrs.  Walkers'  is  found  in  the  elec- 
trical portion  of  the  apparatus.  To  signal 
both  up  and  down  trains,  Mr.  Preece  employs 
three  wires  and  separate  instruments,  while 
Messrs.  Walker  need  but  one.  He  claims 
this  as  an  advantage,  in  point  of  safety,  upon 
the  following  grounds  : — 

"  When  three  wires  are  employed,  the  all 
clear  signal  is  maintained  by  a  constant  and 
permanent  flow  of  electricity.  The  result  is, 
that  if  this  current  be  interrupted  or  stopped 
by  any  cause,  the  arm  will  at  once  fly  up, 
and  the  danger  signal  be  exhibited.  When 
one  wire  only  is  employed,  the  necessary 
signals  are  produced  by  momentary  currents 
of  electricity,  and  the  permanence  of  the 
signal  is  maintained  by  local  magnetism  or 
gravity — the  result  is,  that  no  derangement 
of  the  apparatus  or  wire  is  reported,  and  the 
instrument  may  continue  to  show  safety 
when  danger  really  exists. 

"A  signal  is  shown  upon  an  instrument 
worked  on  one  wire,  and  actuated  by  mo- 
mentary currents,  which  is  supposed  to  be 
an  indication  of  the  signal  represented  at 
the  other  station ;  but  this  is  thoroughly 
illusory  and  dangerously  deceptive.  Such  a 
signal  is  practically  made  by  the  outgoing 
current  before  it  arrives  at  the  distant  station, 
and  it  may  act  correctly  upon  the  one  in- 
strument with- 
out having  af- 
fected the  other. 

"The  use  of 
momentary  cur- 
rents necessarily 
leaves  what  is 
termed  an  open 
circuit,  and  ren- 
ders the  instru- 
ments pecu- 
liarly liable  to 
all  the  disturb- 
ances of  atmo- 
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Fig.  135.— Preece's  Semaphore  Telegraph.    (Section.) 
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spheric  electricity.  A  flash  of  lightning  might  directly  enter 
the  wire,  and  derange  both  instruments,  but  when  three  wires 
and  permanent  currents  are  employed,  the  lightning  would  at 
once  be  conducted  quietly  to  the  earth,  without  passing  through 
the  semaphore." 

There  are  two  batteries  at  the  signalling  station — one  which 
sends  currents  in  one  direction,  and  the  other  which  sends  the 
reverse.  The  working  lever  of  the  semaphore  is  placed  in 
electrical  connection  by  a  wire,  with  the  stud  of  the  piston- 
key.  The  upper  stud  E  of  the  adjusting  points  is  placed  in 
connection  with  one  battery,  the  lower  stud  F  with  the  other 
battery.  Now  when  the  working  lever  rests  against  the  stud  E, 
it  enables  the  key  to  send  currents  in  one  direction,  which 
deflect  the  indicator  over  to  "  ON  "  ;  and  when  the  lever  presses 
against  F,  it  causes  the  key  to  send  currents  from  the  opposite 
direction,  which  cause  the  indicator  to  point  to  "  OFF."  It  there- 


Gong 
Fig.  136.— Tyer's  Railway  Telegraph. 

fore  follows,  that  in  whatever  position  the  arm  of  the  semaphore 
at  the  receiving  station  may  be,  the  indicator  at  the  sending 
station  will  always  correspond  with  it,  with  this  important  re- 
servation that  the  signal  must  have  been  first  acknowledged 
upon  the  bell ;  and  as  it  is  ruled  that  every  signal  sent  must  be 
acknowledged,  it  results  that  the  indicator  at  the  sending 
station  must  be  a  faithful  repeater  of  the  signal  at  the  receiving 
station. 
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The  necessity  for  three  wires  and  separate  instruments  with 
this  apparatus  is,  however,  a  considerable  drawback  in  point  of 
economy. 

173.  An  arrangement  for  signalling  by  pointers,  as  shown  in 
fig.  136,  was  introduced  by  Mr.  Tyer  before  the  semaphore  sys- 
tem was  suggested,  and  is  used  on  several  railways. 

174.  Messrs.  Bartholomew  and    Spagnoletti  have   each  de- 
vised train  signalling  instruments  of  a  similar  character  as 
regards  the  method  of  indicating,  which  is  carried  on  by  discs, 
which  are  made  to  fill  an  opening  in  the  dial  face  of  the  instru- 
ment, as  shown  in  fig.  137. 

The  instrument  is  worked  by  two  keys,  one  for  each  disc,  and 
labelled  the  same  as  the  discs,  so  that  by  pressing  down  the 
white  key  labelled  "  line  clear,"  the  white  disc  (line  clear)  ap- 
pears in  the  aperture  of  the  green  dial,  and  on  pressing  down 
the  red  key,  labelled  "  train  on  line,"  the  red  disc  (train  on  line) 
appears  on  the  green  dial ;  thus  one  signal  only,  and  the  one 
intended  to  be  shown,  can  be  seen;  hence  no  confusion  or  doubts 
can  arise.  The  dial  being  green,  and  the  discs  red  and  white, 
by  the  contrast  of  colour  a  clear  and  unmistakable  signal  is 
obtained. 

Either  of  the  keys  can  be  pegged  down  by  a  pin,  which  passes 
through  an  eye  by  the  side  of  each  key,  so  that  either  signal 
can  be  kept  on  as  long  as  necessary.  These  instruments  are  so 
constructed,  that  whichever  signal  is  given  at  the  station,  the 
same  must  show  at  the  one  to  which  it  is  sent ;  and  when  a 
signal  is  given,  and  the  key  pegged  down,  it  cannot  be  reversed 
from  the  end  to  which  it  is  sent. 

This  instrument  also  registers  the  gradual  exhaustion  of  the 
battery,  so  that  the  battery  can  be  attended  to  before  it  becomes 
too  weak  to  perform,  its  work. 

A  single  striking  bell  is  worked  in  connection  with  the 
apparatus,  separately,  or  attached  to  the  instrument;  if  the 
former,  it  has  a  key  of  its  own ;  if  the  latter,  on  either  of  the 
sending  keys  being  pressed  down,  the  signal  is  shown,  with 
a  simultaneous  stroke  of  the  bell;  so  that  by  having  a  code 
of  the  number  of  the  beats  on  the  bell,  a  corroboration  is  given 
to  the  signals  shown  by  the  discs. 

In  this  plan  three  wires  are  required  to  work  an  up  and  down 
line ;  while  it  does  not  appear  to  possess  the  same  advantages 
as  the  semaphore  form  of  signal. 

175.  Yarious  ingenious  plans  have  been  introduced  recently 
to  provide  the  means  of  communication  between  guards  and 
passengers.     Those  of  Mr.  Walker  and  Mr.  Preece  are,  perhaps, 
the  best  known.     The  principle  adopted  in  each  is  to  ring  an 
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electric  bell,  or  give  a  signal  in  the  guard's  van  by  moving  a 
contact-handle  (or  bell-pull,  as  it  might  be  termed)  in  any  com- 
partment of  the  carriages.  A  small  indicator  or  signal  is  shown 
outside  the  carriage  in  Mr.  Walker's  method,  directing  the 
attention  of  the  guard  at  once  to  the  compartment  from  which 
the  alarm  emanates. 

In  Mr.  Preece's  arrangement  a  thin  glass  face  covers  the  bell 
handle  in  the  carriage,  and  must  be  broken  before  the  bell  can 
be  sounded. 

An  instance  was  recently  given,  showing  the  use  of  this  pre- 
caution to  the  Exeter  express,  on  the  London  and  South- 
western Eailway.  When  approaching  Crediton,  on  the  North 
Devon  line,  an  alarm  was  raised,  and  the  attention  of  the  guard 
was  immediately  attracted  to  the  train  ;  but,  observing  nothing 
wrong,  the  train  was  not  stopped  until  it  reached  the  next  fixed 
signals.  It  was  there  discovered  that  a  passenger  had  need- 
lessly, if  not  wilfully,  rung  the  bells.  The  glass  face,  which 
usually  protects  the  handle  or  bell-pull  from  the  mischievous 
and  curious,  was  broken,  and  the  handle  turned  to  the  position 
that  not  only  rings  the  bells,  but  which  so  securely  locks  and 
fixes  it,  that  the  passenger  cannot  restore  it;  and  therefore, 
with  the  broken  glass,  leads  to  his  certain  detection.  The 
passenger's  name  was  taken  for  the  purpose  of  prosecution,  and. 
the  train  proceeded. 


Fig.  13S.— Henley's  Magnetic  Needle  Telegraph. 
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CELERITY  OF  TRANSMISSION. 

176.  ALTHOUGH  it  be  true  that  the  signals  made  at  any  one- 
telegraphic  station  are  rendered  instantaneously  apparent  at 
another,  no  matter  how  distant,  it  must  not  therefore  be  in- 
ferred that  the  transmission  of  messages  by  the  telegraph  is 
equally  instantaneous.  Not  only  is  this  not  the  case,  but  the 
celerity  with  which  messages  are  conveyed  between  station  and 
station,  so  as  to  be  rendered  practically  available  for  the  pur- 
poses of  intercommunication,  differs  very  much  when  one  form 
of  telegraphic  instrument  or  one  pair  of  operators  is  compared 
with  another. 
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The  profitable  result  of  the  operation  of  any  telegraph  is 
evidently  measured  by  the  number  of  words  which  it  is  capable 
of  transmitting  within  a  given  time,  in  such  a  shape  as  to  be  in- 
telligible by  the  person  to  whom  the  message  is  addressed.  This, 
which  we  shall  call  the  celerity  of  transmission,  and  which  is 
quite  distinct  from  the  velocity  with  which  electric  signals  are 
conveyed  from  station  to  station,  is  therefore  a  most  important 
element  in  the  estimation  of  the  value  of  any  telegraphic  appa- 
ratus. 

177.  This  celerity  of  transmission  depends  upon  a  great 
number  of  circumstances,  several  of  which  are  independent  of 
the  telegraphic  apparatus.     The  principal  of  these  are  : — 

1.  The  skill  and  agility  of  the  transmitting  agent. 

2.  The  quickness  of  eye,  activity  and  attention  of  the  re- 
ceiving agent. 

3.  The  instrument  used  for  transmission. 

4.  The  instrument  used  for  reception. 

5.  The  distance  to  which  the  dispatch  is  transmitted. 

6.  The  insulation  more  or  less  perfect  of  the  line  wires. 

7.  The  weather. 

With  all  and  each  of  these  conditions  and  qualities  the 
celerity  with  which  the  dispatches  are  received  and  rendered 
available  at  their  place  of  destination,  varies,  and  with  some  of 
them  this  variation  extends  to  very  wide  limits. 

178.  Different  telegraphists  have  very  different  powers  as  to 
celerity.     These  powers  depend  on  practice  as  well  as  upon 
natural  ability  and  aptitude,  and  on  manual  dexterity.     Not 
only  is  it  necessary  to  transmit  the  signals  in  quick  succession, 
but  to  do  so  with  such  distinctness  that  they  shall  be  readily 
interpreted,  and  such  correctness  as  to  render  repetitions  unne- 
cessary.    In  this  respect  telegraphists  having  equal  practice 
differ  one  from  another  as  much  as  do  clerks,  some  writing 
rapidly  and  legibly,  some  rapidly  but  not  legibly,  some  legibly 
but  not  rapidly,  and  some  neither  rapidly  nor  legibly.     The 
relative  ability  of  telegraphists  in  this  respect  is  partly  mental 
and  partly  mechanical,  depending  as  much  upon  quickness  of 
intelligence,     attention,    and    observation,    as    upon    manual 
dexterity  and  address. 

The  great  liability  to  delay,  arising  from  the  failure  of  the 
transmitter  to  render  himself  understood  by  the  receiver,  is 
rendered  manifest  by  the  fact  that  in  all  telegraphs  conventional 
signs  are  established  for  the  words,  "wait,"  "repeat,"  "not 
understood,"  "understood,"  "proceed,"  and  the  like.  When 
the  transmitter  is  going  on  faster  than  the  receiver  can  take 
down  the  words  or  understand  them,  then  the  latter  remits  the 
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sign  to  "wait,"  and  if  this  sign  is  several  times  repeated,  the 
necessity  of  proceeding  slower  is  apparent.  If  the  receiver 
mistakes  a  sentence,  word,  or  letter,  he  remits  the  sign  to 
"repeat."  At  the  end  of  each  message,  he  remits  the  sign 
"  understood,"  and  so  on.  Now  it  will  be  easily  conceived  that 
this  necessity  for  frequent  interchange  of  signs  between  the 
receiver  and  transmitter  must  affect,  in  an  important  degree, 
the  celerity  of  transmission ;  and  that  its  frequency  must  de- 
pend, not  only  on  the  abilities  of  the  telegraphic  agents,  but 
also  on  the  character  of  the  signs  transmitted  by  the  instru- 
ments, according  as  they  are  more  or  less  obvious  and  un- 
oquivocal. 

It  is  a  remarkable  and  very  curious  circumstance,  that 
independently  of  the  mere  celerity,  clearness,  and  correctness 
of  transmission  with  certain  telegraphic  instruments,  each  tele- 
graphist has  a  manner  and  character,  which  is  so  peculiar  to 
himself,  that  persons  receiving  his  dispatch  at  a  distant  station, 
recognise  his  personality  with  as  much  certainty  and  facility  as 
they  would  recognise  the  handwriting  of  a  correspondent,  or 
the  voice  and  utterance  of  a  friend  or  acquaintance,  whom  they 
might  hear  speak  in  an  adjacent  room.  The  agents  habitually 
engaged  at  each  of  the  telegraphic  stations,  in  this  way,  soon 
become  acquainted  with  those  of  the  other  stations  on  the  same 
line,  so  that,  at  the  commencement  of  a  dispatch,  they  imme- 
diately know  who  is  transmitting  it. 

While  the  aptitude  of  the  transmitter  is  partly  manual  or 
mechanical,  that  of  the  receiver  of  a  dispatch  is  not  at  all  so. 
In  some  telegraphic  instruments,  as  we  have  seen,  the  presence 
of  a  receiving  agent  is  unnecessary,  the  dispatch  being  written 
or  printed  by  the  apparatus  itself.  In  all  instruments,  how- 
ever, which  merely  exhibit  arbitrary  signals,  expressing  letters, 
numbers,  or  words,  the  celerity  must  depend  on  the  skill,  apti- 
tude, and  quickness  of  eye  of  the  receiver,  to  catch  and  commit 
to  paper  the  succession  of  letters  or  words,  as  fast  as  the 
signals  expressing  them  are  produced  before  him. 

In  general,  it  is  much  moro  easy  to  transmit  rapidly 
than  to  receive  rapidly.  The  transmitter  knows  beforehand 
what  signs  he  is  about  to  produce,  while  each  of  them  comes 
upon  the  receiver  altogether  unforeseen,  and  if,  in  the  celerity  of 
their  succession,  one  or  more  of  them  escape  his  eye,  he  is 
obliged  either  to  guess  at  the  missed  letter  or  letters,  which  he 
can  sometimes  do  with  all  the  requisite  clearness  and  certainty, 
or  he  must  arrest  the  transmitter,  which  he  does  by  giving 
the  sign,  "  repeat,"  and  so  delay  arises. 

In  telegraphs  which  work  by  a  series  of  visible  signs  or  sounds, 
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whether  they  be  deflections  of  the  needle,  as  in  the  English  in- 
struments, beats  of  muffled  bells  in  the  acoustic  apparatus, 
attitudes  of  the  arms,  as  in  the  French  State  instruments,  or 
pointers  directed  to  the  letters  or  figures  on  a  dial,  as  in  the 
railway  instruments,  the  celerity  of  the  transmission  must  be 
determined  by  the  power  of  the  less  able  of  the  two  agents,  the 
transmitter  and  receiver.  If  the  transmitter  be  able  to  send  the 
letters  more  rapidly  than  the  receiver  can  read  and  take  them 
down,  he  must  moderate  his  pace  to  the  limit  determined  by 
the  power  of  his  correspondent.  If  the  receiver  be  capable 
of  reading  and  taking  down  faster  than  the  transmitter  is  able 
to  send  the  letters,  his  superior  force  is  useless.  He  can  only 
write  the  dispatch  as  fast  as  he  receives  it.  To  send  dispatches 
with  the  greatest  advantage  of  celerity,  the  agents  yoked  to 
corresponding  instruments  ought  to  be  selected  of  as  nearly 
equal  ability  as  possible,  since  the  slower  of  a  pair  necessarily 
neutralises  the  superior  skill  of  his  fellow,  and  the  dispatch 
would  proceed  with  equal  celerity  if  he  were  yoked  with  a  less 
able  correspondent. 

As  quickness  of  hand  is  essential  to  the  transmitter,  quick- 
ness of  eye  is  necessary  to  the  receiver. 

179.  In  all  forms  of  telegraph  which  express  the  letters  by 
signals,  such  as  the  needle  acoustic  instruments,  and  the 
French  State  telegraph,  a  certain  pause  is  necessary  be- 
tween letter  and  letter,  to  prevent  the  signals  being  con- 
founded one  with  another.  In  the  single  needle  instrument, 
the  letters  being  expressed  by  from  one  to  four  deflections  of 
the  needle,  and  in  the  double  needle,  from  one  to  two,  the 
mean  time  of  each  letter  is  that  of  two  and  a  half  deflections 
in  the  one,  and  one  and  a  half  in  the  other,  the  intervals 
between  letter  and  letter  being  the  same  in  both.  It  must, 
however,  be  remembered,  in  comparing  the  relative  celerity  of 
different  instruments,  that  the  double  needle  instrument,  as 
well  as  the  French  State  telegraph,  is,  in  fact,  two  independent 
telegraphs,  having  not  only  separate  and  independent  trans- 
mitting and  indicating  apparatus,  with  their  respective  acces- 
sories, batteries,  &c.,  but  separate  and  independent  conducting 
wires.  It  is,  in  effect,  as  if  two  equally  powerful  and  inde- 
pendent steam  engines  were  united  in  the  same  work,  in  order 
to  obtain  double  power. 

As  long  ago  as  1850,  Mr.  "Walker  made  some  calculations,  with 
the  view  to  determine  the  average  celerity  of  transmission  at  that 
time  with  the  double  needle  instrument  in  the  hands  of  compe- 
tent operators,  and  published  the  results  in  his  work  on  electric 
telegraph  manipulation.  Eleven  messages  were  timed,  all  of 
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more  than  the  usual  length,  the  shortest  consisting  of  73  and 
the  longest  of  364  words.  The  total  number  of  words  was  2638, 
and,  consequently,  their  average  length  was  240  words.  The 
total  time  of  transmission  was  162  minutes,  and,  consequently, 
the  average  number  of  words  transmitted,  per  minute,  was  16j. 
The  greatest  speed  of  transmission  was  2(%  and  the  least  By- 
words per  minute. 

The  Secretary  of  the  Electric  Telegraph  Company,  Mr. 
Eoudrinier,  also  caused  a  sufficient  number  of  messages,  trans- 
mitted in  the  ordinary  course  of  business  with  the  double 
needle  instrument,  to  be  timed,  and  the  following  were  the 
results : — 

11  Messages. — Number  of  words  in  the  addresses     .         .       84 

160 


Total  number  of  words  transmitted       .     244 

Total  time  of  transmission 689  seconds. 

Average  number  of  words  transmitted  per  minute         .     .     21£ 

It  appears,  therefore,  that  the  average  celerity  of  trans- 
mission with  this  instrument  has  increased  in  the  ratio  of  about 
16  to  21. 

The  greatest  celerity  of  transmission  was,  in  this  case,  24-|, 
and  the  least  16|  words  per  minute. 

180.  In  the  acoustic  telegraph,  where  the  signals  are  produced 
by  short  quick  blows  upon  two  muffled  bells  of  a  different  pitch, 
the  speed  of  transmission  is  found  in  practice  to  exceed  either 
the  double  needle  instrument,  or  the  Morse  and  other  recording 
telegraphs.     In  the  needle  instruments  the  signal  is  given  to 
the  eye,  which  is  a  much  less  flexible  organ  than  the  ear ;  and 
in  the  recording  apparatus  the  signals  are  much  longer  in  dura- 
tion on  an  average,  the  distinctions  being  made  by  differences 
of  duration.     The  average  speed  of  the  acoustic  telegraph  is 
between  thirty  and  forty  words  per  minute. 

181.  The  manner  in  which   the    magnetic  electric  current 
affects  the  needle  in  the  arrangement  adopted  by  the  Magnetic 
Telegraph  Company,  being  somewhat  different  from  that  pro- 
duced in    the    common  needle  instruments,   worked    by  the 
Electric  Telegraph  Company,  although  the    systems   of  tele- 
graphic signals  are  not  essentially  different,   it  appeared  pro- 
bable that  the  difference  between  the  instruments  might  more 
or  less  affect  the  celerity  of  transmission.     Mr.   Bright,  the 
Secretary  of  the  Magnetic  Company,  some  years  ago  timed  a 
series  of  dispatches  transmitted  in  the  ordinary  course  of  busi- 
ness, and  the  return  showed :— 
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74  Messages.     Total  number  of  words       .         .         .  2792 

Time  of  transmission     ....  102m  6s 

Average  number  of -words  per  minute    .         .         .         27  J 

The  greatest  celerity  of  transmission  attained  in  this  series  of 
messages  was  37|  words  per  minute. 

The  entire  series  consisted  of  messages  transmitted  from 
London  to  Liverpool,  on  a  pair  of  double  needle  instruments,  at 
different  times  of  the  day,  and  were  carefully  tabulated.  In  the 
series,  several  messages  were  included,  the  transmission  of 
which  was  exceptionally  slow,  owing  either  to  the  difficult 
nature  of  the  communications,  consisting  of  long  words  in 
private  cipher,  or  of  the  names  of  foreign  towns,  or,  in  fine, 
from  the  inaccuracy  or  slowness  of  the  transmitting  clerk  in 
London.  It  would  seem,  therefore,  that  this  series  of  messages 
includes  fair  conditions  for  an  average  result. 

It  would,  therefore,  appear  that  the  needle  instruments 
worked  by  the  magneto-electric  current  used  by  this  company 
are,  cceterisparibus,  susceptible  of  greater  celerity  of  transmission 
than  the  instruments  in  which  the  needles  are  affected  by  the 
common  voltaic  current,  in  the  ratio  of  about  27  to  21,  or  9 
to  7. 

One  of  the  causes  which  has  been  assigned  to  this  increased 
efficiency,  is  the  fact  that  the  needles  of  the  magnetic  instru- 
ments have  a  dead  beat,  while  those  of  the  voltaic  instruments, 
in  striking  the  stops,  have  a  recoil,  and  vibrate  two  or  three 
times  before  they  come  to  rest.  Whether  this  be  the  real  cause 
of  the  difference,  further  experience  must  prove,  but  it  is  difficult 
to  imagine  that  it  can  be  due  to  any  cause  independent  of  the 
instruments,  seeing  the  large  number  of  messages  from  which 
the  average  has  been  computed. 

182.  The  writing  and  printing  telegraphs  are  independent  of 
a  receiving  agent,  the  receiving  apparatus  in  all  these  being 
automatic.  Those  who  print  the  dispatch  in  the  common  letter- 
press characters  have  the  further  advantage  of  being  wholly 
independent  of  the  skill  of  any  agent  to  interpret  or  decipher 
them. 

The  celerity  of  transmission  attainable  with  the  Morse  tele- 
graph, which  of  all  the  forms  of  telegraphic  apparatus  hitherto 
invented  is  the  most  extensively  used,  is  very  considerable,  but 
varies  perhaps  still  more  than  the  needle  instruments,  with  the 
skill  of  the  telegraphist. 

In  this  instrument,  it  will  be  remembered  that  the  trans- 
mitting agent  plays  upon  a  key-commutator,  the  letters  being 
severally  expressed  by  repeated  touches  of  the  key  succeeding 
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each  other,  after  longer  or  shorter  intervals.  At  the  station 
receiving  the  dispatch,  the  armature  of  the  electro-magnet 
moves  simultaneously  with  the  transmitting  key,  and  at  each 
of  its  motions  towards  the  magnet  it  produces  a  distinctly 
audible  click.  The  receiving  agent  acquires  by  practice  such 
expertness  and  quickness  of  ear,  that  by  listening  to  this 
clicking  he  is  able  to  interpret  the  dispatch,  and  to  write  it 
down  or  dictate  it  to  a  clerk  without  using  the  apparatus  for 
impressing  it  upon  the  paper  ribbon. 

Different  telegraphists  acquire  this  power  of  oral  interpreta- 
tion of  the  dispatches  with  different  degrees  of  facility  and 
precision ;  but  all  are  more  or  less  masters  of  it.  So  much  so, 
that  in  most  cases  on  the  American  lines,  it  is  by  the  clicking 
of  the  magnet  that  the  messages  are  taken  down,  being  after- 
wards corrected,  if  necessary,  by  comparison  with  the  indented 
paper  ribbon. 

The  telegraphist  is  placed  at  a  table,  upon  which  the  instru- 
ment stands,  having  before  him  the  paper  upon  which  the 
message  is  to  be  written,  and  at  his  left  a  provision  of  blacklead 
pencils  ready  cut  and  pointed,  usually  half  a  dozen.  When 
the  transmission  of  the  message  commences,  the  electro-magnet 
dictates  it  to  him,  letter  by  letter,  at  the  same  time  indenting  it 
upon  the  paper  ribbon.  He  writes  it  down,  and,  in  general,  it 
is  delivered  by  the  magnet  as  fast  as  he  can  write  it,  availing 
himself  of  all  such  abbreviations  as  are  intelligible  to  those 
who  may  have  to  read  it.  As  the  points  of  the  pencils  are 
successively  worn  he  lays  them  on  the  table  at  his  right  hand. 
A  person  engaged  exclusively  in  that  process,  visits  his  table 
from  time  to  time,  repoints  the  pencils  lying  on  his  right,  and 
replaces  them  on  his  left.  This  person  passes  round  the  tele- 
graph office,  from  table  to  table,  keeping  up  a  constant  supply 
of  properly  pointed  pencils  at  the  hand  of  each  telegraphist. 

The  most  expert  telegraphists  are  able  to  take  down  the  mes- 
sages in  this  manner  by  ear,  without  any  reference  to  the 
ribbon,  and  so  correctly  that  there  is  no  need  of  subsequent 
verification.  When  the  message  is  concluded,  the  sheet  on 
which  it  is  written  is  handed  to  another  clerk,  who  is  provided 
with  a  stock  of  envelopes,  in  one  of  which  he  encloses  it ;  and, 
writing  the  address  upon  it,  delivers  it  to  a  messenger,  who 
forwards  it  to  the  party  to  whom  it  is  addressed.  Meanwhile 
the  paper  ribbon,  on  which  the  message  has  been  indented  in 
the  telegraph  ciphers,  is  cut  off,  folded  up,  and  preserved  for 
reference. 

It  is  only,  however,  the  most  expert  class  of  telegraphists 
that  can  operate  in  this  way.  Others,  less  able,  are  always 
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obliged  to  verify  and  correct  what  they  have  taken  down,  by 
comparison  with  the  indented  ribbon,  after  the  message  has 
been  concluded  ;  while  others,  less  able  still,  cannot  trust 
themselves  to  take  down  ~by  ear,  and  sit  before  the  ribbon  as  it 
is  discharged  from  the  roller,  writing  out  the  message  from  it 
by  eye. 

The  salaries  allowed  to  different  agents  vary  according  to 
the  skill  they  attain  in  these  operations.  One  who  acquires  the 
power  of  taking  down  rapidly  and  correctly  by  ear  will  receive 
twice  the  amount  allowed  to  him  who  can  only  take  down  by 
eye,  the  latter  being  always  much  slower  than  the  former. 

It  often  happens  that  the  power  of  interpreting  easily  and 
correctly  by  ear  is  very  important,  as  in  the  case  in  which  the 
mechanism  of  the  instrument  for  moving  and  indenting  the 
paper  may  have  been  accidentally  deranged  and  disabled,  or 
in  which  the  office  may  be  deficient  in  its  supply  of  paper 
ribbon. 

By  the  oral  method  of  reception  the  entire  receiving  appa- 
ratus, except  the  electro-magnet  and  its  armature,  is  dispensed 
with. 

If  a  mistake  is  committed  by  the  transmitting  agent,  in  con- 
sequence of  which  a  word  or  phrase  is  unintelligible,  the 
receiving  agent  intercepts  the  current,  and  signifies  that  the 
word  is  to  be  repeated,  and  at  the  same  time  tears  off  the 
erroneous  part  of  the  ribbon.  This,  however,  is  a  circumstance 
of  rare  occurrence. 

When  a  very  long  dispatch  is  transmitted,  and  arrives  with 
greater  celerity  than  that  with  which  an  agent  can  transcribe 
it,  the  ribbon  may  be  divided,  and  two  agents  put  to  work  at 
once  at  its  transcription.  The  reports  of  Congress  and  public 
meetings  transmitted  to  the  journals,  afford  examples  of  this. 

These  reports  may  be,  by  one  operation,  transmitted  to  all 
the  towns  upon  the  same  telegraphic  line. 

In  some  cases  long  dispatches,  such  as  those  addressed  to 
the  journals,  are  expedited  by  two  or  more  instruments  on 
different  wires.  The  dispatch  is,  in  this  case,  divided  into  two 
or  more  parts,  marked  1,  2,  3,  or  A,  B,  c,  &c.,  and  these  parts 
are  simultaneously  transmitted  to  their  destination,  being  re- 
united there  after  their  arrival.  This  expedient,  however,  can 
only  be  resorted  to  where  there  are  two  or  more  line  wires, 
which  is  a  rare  case  in  the  United  States. 

All  that  has  been  said  above  relating  to  Morse's  telegraph 
may,  mutatis  mutandis,  be  applied  to  other  telegraphic  instru- 
ments, which  write  in  cipher  the  dispatches  by  self-acting 
machinery. 
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When  dispatches  are  transmitted  by  means  of  a  key-com- 
mutator, with  Bain's  telegraph,  the  operation  being  precisely 
similar  to  that  of  Morse,  the  celerity  of  transmission  by  opera- 
tors of  equal  skill  ought  to  be  the  same.  Nevertheless,  when 
the  Bain  system  was  used  on  several  lines  by  the  Electric 
Telegraph  Company,  many  years  ago,  a  series  of  messages 
were  timed,  of  which  the  following  is  the  summary  of  the 
results : — 

63  Messages. — Total  number  of  words  in  the  address         .     456 
„  „  „  messages     .     .     991 

Total  number  of  words  transmitted    .         .1447 

Total  time  of  transmission        ....     4454  seconds. 
Average  number  of  words  transmitted  per  minute          .     .     19| 

It  appears,  therefore,  that  as  this  telegraph  is  worked  in 
England,  its  rate  of  transmission  is  slower  than  the  double 
needle,  or  acoustic  telegraphs. 

183.  It  is  an  amusing  fact,  that  music  has  actually  been 
transmitted  in  this  way  by  means  of  its  rhythm.  The  following 
is  related  by  an  eye-witness  of  the  experiment  at  New  York  : — 

' '  We  were  in  the  Hanover  Street  office  when  there  was  a  pause 
in  business  operations.  Mr.  W.  Porter,  of  the  office  at  Boston, 
asked  what  tune  we  would  have.  We  replied  '  Yankee  Doodle,' 
and  to  our  surprise  he  immediately  complied  with  our  request. 
The  instrument  commenced  drumming  the  notes  of  the  tune  as 
perfectly  and  distinctly  as  a  skilful  drummer  could  have  made 
them  at  the  head  of  a  regiment ;  and  many  will  be  astonished 
to  hear  that  *  Yankee  Doodle '  can  travel  by  lightning.  We 
then  asked  for  '  Hail  Columbia  !'  when  the  notes  of  that  national 
air  were  distinctly  beat  off.  We  then  asked  for  'Auld  lang 
syne,'  which  was  given,  and  'Old  Dan  Tucker,'  when  Mr. 
Porter  also  sent  that  tune,  and,  if  possible,  in  a  more  perfect 
manner  than  the  others.  So  perfectly  and  distinctly  were  the 
sounds  of  the  tunes  transmitted,  that  good  instrumental  per- 
formers could  have  had  no  difficulty  in  keeping  time  with  the 
instruments  at  this  end  of  the  wires."* 

That  a  pianist  in  London  should  execute  a  fantasia  at  Paris, 
Brussels,  Berlin,  and  Vienna,  at  the  same  moment  and  with 
the  same  spirit,  expression,  and  precision  as  if  the  instruments, 
at  these  distant  places,  were  under  his  fingers,  is  not  only 
within  the  limits  of  practicability,  but  really  presents  no  other 
difficulty  than  may  arise  from  the  expense  of  the  performances. 
From  what  has  been  just  stated,  it  is  clear  that  the  timejof 

*  Chambers's  Papers  for  the  People,  vol.  ix.  No.  71. 
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music  has  been  already  transmitted,  and  the  production  of  the 
sounds  does  not  offer ^any  greater  difficulty  than  the  printing  of 
the  letters  of  a  dispatch. 

184.  Although  the  distance  to  which  the  dispatch  has  to  be 
sent  cannot  be  said  directly  to  affect  the  celerity  of  transmission, 
there  are  circumstances  nevertheless  which  in  practice  render 
the  transmission  to  great,  slower  than  to  lesser  distances. 
Long  direct  circuits  are,  as  a  rule,  only  kept  up  where  there  are 
a  sufficient  number  of  messages  between  the  two  points  to  keep 
them  well  employed  throughout  the  day.  In  other  cases  mes- 
sages are  passed  on  from  one  station  to  another,  and  have  occa- 
sionally to  wrait  on  their  journey  till  a  wire  is  clear  of  prior 
work,  and  it  is  their  turn  to  be  sent  on  a  further  stage. 

And  even  though  it  may  be  practicable  to  establish  a  direct 
communication  between  two  very  distant  stations  by  putting  the 
wires  in  immediate  connection,  more  or  less  delay  must  neces- 
sarily take  place.  The  telegraphist  who  transmits,  must  first 
send  a  message  along  the  line  to  all  the  intermediate  stations  to 
require  the  wires  to  be  united  for  direct  communication.  At 
these  intermediate  stations,  the  wires  may  be  employed,  and 
the  message  must  wait  until  they  are  free. 

Thus,  although  it  be  true  that  so  far  as  the  electric  fluid  and 
the  apparatus  by  which  it  is  transmitted  are  concerned,  they 
are  capable  of  sending  a  message  from  pole  to  pole  in  an  inap- 
preciable interval,  yet  the  machinery  of  telegraphy  as  practi- 
cally constructed  presents  causes  of  delay  which  prevent  in 
many  cases  this  vast  celerity  from  being  called  into  action. 

Besides  these  causes  of  delay,  there  are,  however,  others.  It 
has  been  stated  that  the  intensity  of  the  current  is  diminished, 
cceteris  paribus,  as  the  distance  is  augmented.  When  transmis- 
sion therefore  to  great  distances  is  required,  various  expedients, 
at  intermediate  stations,  such  as  relay  batteries  or  relay  mag- 
nets, or  both,  are  required,  and  notice  must  be  given  to  apply 
these  even  when  they  are  provided. 

The  chances  of  interruption  by  reason  of  defective  insulation 
or  accidents  to  the  wires,  are  also  increased  in  proportion  to  the 
distance. 

As  may  be  naturally  expected,  examples  of  direct  tele- 
graphic communication  to  great  distances  are  supplied  by  the 
United  States. 

On  the  lines  of  the  O'Eeilly  Company  of  New  York,  messages 
are  daily  transmitted  without  any  intermediate  repetition  to  a 
distance  of  1100  miles,  that  is  from  New  York  to  Louisville  in 
Kentucky. 

"  To  do  this,  it  is  found  necessary  to  place  two  relay  instru- 
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ments  and  batteries  in  the  circuit  at  a  distance  of  400  miles  apart, 
for  the  purpose  of  renewing  the  electric  current,  part  of  which 
escapes  from  defective  insulation  and  atmospheric  causes. 
By  similar  arrangements  of  relays  with  intermediate  batteries 
at  several  intermediate  points,  New  Orleans  and  New  York 
are  placed  in  instantaneous  communication  with  each  other. 
To  enable  this  to  take  place,  requires,  in  the  first  place,  a  line 
substantially  built  and  thoroughly  insulated.  It  may  be  re- 
marked, that  it  is  but  a  few  years  since,  when  to  telegraph  300 
miles  on  a  single  or  unbroken  circuit,  was  considered  a  feat ; 
now,  from  improvements  made  since  then  in  telegraphs,  we  can 
send  over  1100  miles  easier  than  we  could  300  at  that  time.  At 
first,  in  many  telegraph  offices  in  the  United  States,  they 
used  a  separate  battery  for  each  line.  From  a  series  of  experi- 
ments made,  one  single  battery,  of  no  greater  strength  than 
those  formerly  used,  now  works  eight  distinct  and  separate 
lines,  with  no  apparent  diminution  of  strength,  and  at  a  great 
saving  of  expense  to  the  office."  * 

The  directors  of  the  lines  at  New  York  report  that  their  tele- 
graph messages  have  in  some  cases  been  actually  transmitted 
without  intermediate  repetition  to  a  distance  of  1500  miles,  and 
in  the  same  .way  London  is  frequently  connected  direct  to 
Vienna,  St.  Petersburg,  and  occasionally  even  Odessa;  while 
on  the  Atlantic  cable  direct  signals  have  been  passed  through 
3700  miles  without  relay. 

The  promptitude  with  which  dispatches  are  expedited,  and 
the  celerity  with  which  they  are  transmitted,  will  be  greatly 
promoted  in  all  cases  by  a  uniform  system  and  organisation 
being  established  upon  the  lines  over  which  they  are  trans- 
mitted. No  greater  cause  of  delay  can  exist  than  that  which 
arises  from  diversity  of  telegraphic  instruments  and  language. 
Much  inconvenience,  expense,  and  delay  also  arise  even  in  cases 
where  similar  instruments  and  ciphers  are  used,  from  a  want  of 
uniformity  in  the  various  parts  of  the  apparatus,  and  in  the 
systems  of  abridgments  which  are  adopted  in  the  language. 
Where  the  instruments  and  the  parts  of  apparatus  have  been 
constructed  of  varying  patterns  and  sizes,  they  cannot  be  readily 
replaced  in  cases  of  wearing  out  or  accidental  fracture.  By  the 
adoption  of  one  uniform  size  and  pattern,  depots  of  all  the  parts 
may  be  provided,  from  which  any  station  which  may  be  stopped 
by  an  accident  can  be  immediately  supplied  with  the  part  or 
parts  which  require  to  be  replaced.  Ajiother  advantage  inci- 
dental to  such  uniformity  is  greater  economy  in  the  mainte- 
nance of  the  apparatus  and  lines. 

*  Report  of  Mr.  O'Reilly.    Jones's  El.  Tel.,  p.  101. 
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The  batteries  invariably  used  by  the  American  telegraphs  are 
those  of  Grove,  each  element  of  which  consists  of  a  cup  of  un- 
glazed  earthenware,  placed  in  a  glass  tumbler  of  equal  height 
and  greater  diameter.  A  zinc  cylinder  is  let  down  between  the 
glass  and  the  earthenware  cup,  and  a  platinum  cylinder  is  let 
down  into  the  earthenware  cup.  The  space  between  the  cups 
is  then  filled  with  acidulated  water,  and  the  earthenware  cup 
is  filled  with  pure  nitric  acid.  These  batteries  are,  however,  of 
a  much  more  expensive  class  than  those  used  in  England. 

THE  USES  OF  THE  ELECTRIC  TELEGRAPH. 

185.  To  form  an  estimate  of  the  uses  which  the  electric 
telegraph  subserves,  it  would  be  necessary  to  obtain  a  report 
of  the  subjects  of  the  messages  classified,  with  the  relative 
number  of  each  class,  which  are  transmitted  from  and  received 
by  the  chief  telegraphic  stations. 

The  prevailing  subjects  of  the  dispatches  vary  according  to 
the  station  from  or  to  which  they  are  sent.  Thus,  as  might 
naturally  be  expected,  in  large  commercial  marts,  such  as 
Liverpool  and  Glasgow,  they  are  chiefly  engrossed  by  messages 
of  mercantile  firms  and  business.  Their  prevailing  subjects 
also  vary  much  with  the  season  of  the  year.  Thus,  in  summer, 
the  messages  of  tradesmen  are  greatly  multiplied  in  conse- 
quence of  the  number  transmitted  by  dealers  in  perishable 
articles,  such  as  fish,  fruit,  &c.,  which  must  be  supplied  in 
regulated  quantities  with  the  greatest  promptitude. 

The  following  classification  of  1000  dispatches  passed  by  the 
British  and  Irish  Magnetic  Telegraph  Company  from  Liverpool 
in  February,  1867,  has  been  made.  The  comparative  numbers 
vary,  however,  with  the  time  of  the  year;  for  instance,  the 
number  of  betting  messages  would  be  largely  increased  in  the 
Eacing  Season : — 


General  merchants           .... 
Stock  and  share  transactions       .         . 
Ship  insurers,  brokers,  &c. 
Banking  messages       
Corn  dealers  ...... 
Betting      
Personal  and  domestic      .... 
General  brokers          

42 
147 
170 
9 
21 
1 
124 
131 
40 

Cotton  brokers,  &c  
Law      

295 
14 

Political    

6 

1000 


SUBJECTS  OF  MESSAGES. 
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186.  Mr.  Walker  has  given  the  following  list  of  the  subjects 
of  telegrams,  as  a  specimen  of  the  uses  which  the  public  make 
of  this  mode  of  communication. 


Accidents 

Customs 

Markets 

Post-horses,  &c. 

Announcements 

Deaths 

Medical  aid 

Remittances 

Appointments 

Departures 

Meteorology 

Reporters 

Arrests 

Dispatches 

Missing  trains 

Respite 

Arrivals 

Elections 

Murders 

Robberies 

Bankers 

Elopements 

News 

Royal  movements 

Beds 

Expresses 

Nurses 

Sentences 

Bills 

Funds  and  Shares 

Orders 

Shipping  news 

Births 

Government 

Passengers 

Ship-stores 

Commotions 

Health 

Payments 

Turf 

Corps 

Hotels 

Police 

Witnesses 

Counsel 

Judgments 

Political 

Wrecks 

Couriers 

Lost  luggage 

Cipher  or  code  has  been  found  of  great  use  in  preventing 
errors,  especially  where  messages  have  to  pass  through  the 
hands  of  foreign  clerks.  Words  of  a  very  simple  and  easy  class 
may  be  used  and  yet  each  so  unlike  in  spelling  as  not  to  be 
readily  confounded,  thus  obviating  in  a  great  measure  the  mis- 
takes that  frequently  arise  in  the  transmission  of  figures,  frac- 
tions, &c.  The  code  system  allows  of  great  condensation  of 
messages,  single  words  being  made  to  express  whole  sentences. 
In  composing  code  messages  for  transmission  through  Foreign 
countries  it  is  well  to  use  names  of  towns,  &c.,  well  known 
abroad.  The  British  Government  dispatches  are  usually  formed 
by  groups  of  figures. 

The  obstacle  to  the  extension  of  the  uses  of  the  telegraph, 
created  by  the  tariff,  has  been  of  late  greatly  lessened  by 
the  considerable  reduction  of  the  prices  of  transmission,  and 
it  may  be  hoped  that  ere  long  the  companies  and  the  public  will 
discover  that  the  interest  of  the  one  and  the  convenience  of  the 
•other  will  be  best  promoted  by  a  still  further  reduction  of  price, 
and  a  still  larger  use  of  this  mode  of  intercommunication. 

It  is  probable  and  desirable  that  something  approaching  to 
the  uniform  postage  system  may  eventually  be  realised  in  the 
telegraph.  The  British  and  Irish  Magnetic  Telegraph  Com- 
pany are  now  trying  the  effects  of  a  6d.  charge  for  short  dis- 
tance messages  on  their  line  between  Dublin  and  Kingstown, 
and  between  Cork  and  Queenstown,  &c. ;  and  the  London  Dis- 
trict Telegraph  Company  charge  4d.  per  message  between  the 
-offices  they  have  opened  in  conjunction  with  the  Magnetic 
Company  in  London  and  the  suburbs. 

187.  In  the  management  of  railway  business  in  all  countries, 
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but  more  especially  upon  our  own  ever-crowded  and  over- 
worked lines,  the  telegraph  has  become  an  indispensable  acces- 
sory, without  which  this  mode  of  locomotion  would  be  deprived 
not  only  of  its  efficiency  but  its  safety.  Consequently  the  rail- 
ways in  most  countries  have  been  provided  with  lines  of  tele- 
graph expressly  and  exclusively  for  their  own  use,  independ- 
ently of  those  which  are  appropriated  to  the  public  service ;  and 
on  the  continent,  as  already  explained,  such  telegraphs  are 
usually  alphabetic,  that  is,  such  as  convey  their  messages  by 
pointers,  which  are  successively  directed  to  the  letters  of  the 
words,  so  that  any  of  the  railway  officials  who  can  read,  may  be 
able,  though  slowly,  to  interpret  a  message  which  arrives,  or 
to  transmit  one  to  a  distant  station. 

To  illustrate  the  vast  utility  of  the  telegraph  to  the  railway, 
Mr.  Walker  gives  the  following  as  a  classification  of  their  sub- 
jects:— 

Messages. 

1.  Concerning  ordinary  trains  .         .         .         .     1468 

2.  Special  trains 429 


7. 


Carriages,  trucks,  goods,  sheets,  &c.  .       795 
Company's  servants     .         .         .     .       607 

Engines  .         .         .         .         .         .150 

Miscellaneous  matters          .         .     .       162 
Messages  forwarded  to  other  stations  .       499 

Total  4110 


On  the  extended  systems  of  railway  telegraphs  now  con- 
structed, a  vast  number  of  messages  are  transmitted  in  con- 
ducting the  traffic.  On  important  and  widely-spread  lines, 
like  the  London  and  North  Western,  South  Eastern,  Lanca- 
shire and  Yorkshire,  &c.,  &c.,  as  many  as  300,000  messages  are 
sent  by  each  in  a  year.  In  many  cases  the  guards  of  railway 
trains  are  now  provided  with  portable  telegraphs.  By  these 
the  conductor  of  a  train  can,  whenever  the  train  is  stopped 
between  stations,  whether  from  accident  or  other  cause,  give 
immediate  notice  to  the  preceding  and  succeeding  stations ;  so  as 
to  prevent  a  collision  by  a  following  train  overtaking  that  which 
is  accidentally  stopped ;  or  if  necessary  he  can  call  for  an  engine 
to  carry  on  the  train,  or  any  other  aid  that  may  be  required. 

Notices  of  the  passing,  starting,  and  arrival  of  trains  are 
however  transmitted  from  station  to  station,  quite  independent 
of  any  accidents  that  may  arise,  so  that  all  the  station-masters, 
so  far  as  relates  to  the  movement  upon  the  line,  are  endowed 
with  a  sort  of  omnipresence ;  so  conscious  are  they  of  the  pos- 
session of  this  power  and  its  value,  that  their  language  is  that 
of  persons  who  actually  see  what  is  going  on  at  vast  distances 
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from  them.  Thus,  they  are  in  the  common  habit  of  saying — 
"I  just  saw  the  train  pass  such  or  such  station,"  fifty  miles 
distant  perhaps,  when  in  reality  all  he  saw  was  the  deflection  of 
the  needle  of  their  telegraph. 

"  If  trains  are  late,  the  cause  is  known  ;  if  they  are  in  dis- 
tress, help  is  soon  at  hand  :  if  they  are  heavy,  and  progress  but 
slowly,  they  ask  and  have  more  locomotive  power  either  sent  to 
them  or  prepared  against  their  arrival ;  if  there  is  anything 
unusual  on  the  line  they  are  forewarned  of  it,  and  so  forearmed; 
if  overdue,  the  old  plan  of  sending  an  engine  to  look  after  them 
has  become  obsolete — a  few  deflections  of  the  needle  obtain  all 
the  information  that  is  required."  * 

The  utility  of  special  trains  is  well  known.  News  of  the 
utmost  importance,  or  a  government  courier  bearing  dispatches 
of  the  greatest  urgency,  arrives  at  one  of  our  ports  and  demands 
a  train  instantly  for  conveyance  to  London.  Now  in  such  cases 
it  does  not  often  happen  that  a  disposable  engine  is  found  at  the 
station  where  the  demand  is  presented ;  but  the  telegraph  sends 
a  dispatch  along  the  line,  calling  one  from  the  nearest  station  at 
which  one  can  be  found,  and  when  the  engine  has  been 
obtained  the  special  cannot  start  with  safety  unless  the  line  is 
cleared  for  it. 

The  telegraph  again  interposes  its  aid,  and  sends  a  notice 
along  the  line  of  the  moment  of  starting,  from  which,  com- 
bined with  the  known  speed  of  the  train,  the  exact  moment 
when  it  will  pass  every  station  upon  the  line  is  known,  and  of 
course  the  line  is  cleared  for  it,  and  all  danger  of  collision  re- 
moved. How  frequent  are  the  occasions  for  appealing  to  the 
telegraph  for  this  aid  without  which  special  trains  would  not 
only  be  less  rapid,  but  infinitely  less  safe,  as  well  for  them- 
selves as  others,  may  be  seen  by  reference  to  the  analysis  of 
dispatches  we  have  given  above,  from  which  it  appears  that  in 
three  months,  upon  the  South-Eastern  lines,  there  were  not 
less  than  429  messages  respecting  special  trains,  that  is  at  the 
rate  of  about  five  per  day. 

In  the  general  management  of  the  traffic  upon  an  active 
line  of  railway,  an  incalculable  amount  of  capital  and  current 
expenditure  is  saved  by  the  telegraph.  Without  it  rolling 
stock  would  require  to  be  provided  in  much  greater  quantity, 
and  a  far  greater  unprofitable  wear  and  tear  by  useless  trips,  of 
what  in  railway  language  are  called  "  empties,"  would  take 
place.  By  the  telegraph,  as  we  have  stated,  each  station- 
master  is  ubiquitous  so  far  as  the  line  is  concerned.  He  knows 

*  "Telegraph  Manipulation,  "p.  84. 
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where  carriages,  waggons,  trucks,  sheets,  and  engines  are  to  be 
found,  and  how  many  of  them,  and  he  calls  by  the  telegraph  so 
many,  and  no  more  than  he  wants,  and  at  the  time  he  wants 
them,  from  the  nearest  or  most  convenient  station  where  they 
are  to  be  obtained. 

Before  the  establishment  of  the  telegraph,  some  of  these 
objects  were  imperfectly  attained  by  means  of  pilot  engines, 
that  is  engines  "taking  no  vehicle,  which  habitually  run  along 
the  line  to  carry  messages  from  station  to  station.  As  an 
evidence  of  the  immense  saving  effected  by  the  telegraph  in 
the  practical  working  of  railways,  on  some  railways  the  cost 
of  maintaining  and  working  a  single  one  of  those  pilot  engines, 
(all  of  which  have  been  superseded  by  the  telegraph,)  amounted 
to  a  greater  sum  than  is  now  required  to  defray  the  expense  of 
the  entire  staff  of  telegraph  clerks,  and  the  mechanics  and 
labourers  employed  in  cleaning  and  repairing  the  instruments 
and  maintaining  the  integrity  of  the  line  wires. 


Fig.  139.— Early  method  of  coiling  cable  iu  the  hold  of  vessel. 


CHAPTER  XVII. 

USES  OF  THE  TELEGRAPH. 

188.  Prevention  of  accidents.— 189.  Its  uses  in  the  detection  of  crime. 
— 190.  Personal  and  domestic  messages. — 191.  Electric  news-rooms. 
— Transmission  of  intelligence.  — 192.  Telegraph  much  used  for  com- 
merce.—193.  Illustrations  of  the  utility  for  political  purposes. — 
194.  Illustrations  of  its  domestic  and  general  use. — 195.  Secrecy  of 
dispatches  and  cipher  messages.  —  196.  Association  of  New  York 
journals. — 197.  Receipts  of  telegraph  from  press. — 198.  Use  of  elec- 
tric telegraph  in  determining  longitudes. 

188.  AMONG  the  serious  railway  accidents  which  might  have 
been,  or  actually  were  prevented  by  the  telegraph,  the  following 
have  been  mentioned : — 

In  a  storm,  the  wind  blew  a  first-class  railway  carriage, 
which  stood  in  an  open  shed  at  a  second-class  station,  and 
putting  it  in  motion  upon  a  very  level  line,  sent  it  flying  with 
accelerated  speed  to  the  terminal  station.  No  telegraph  at 
that  time  existed  to  warn  either  the  intermediate  or  terminal 
stations  of  the  event  and  the  approaching  danger.  The  vehicle 
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was  actually  Uown  over  twenty-one  miles  of  railway,  but  the 
trip  it  thus  took  occurring  fortunately  at  an  hour  of  the  night 
when  little  business  was  going  on,  it  came  to  rest  without  any 
calamitous  result. 

"  On  New  Year's  Day,  1850,  a  catastrophe,  which  it  is  fearful 
to  contemplate,  was  averted  by  the  aid  of  the  telegraph.  A 
collision  had  occurred  to  an  empty  train  at  Gravesend  ;  and  the 
driver  having  leaped  from  his  engine,  the  latter  started  alone  at 
full  speed  to  London.  Notice  was  immediately  given  by  tele- 
graph to  London  and  other  stations ;  and  while  the  line  was 
kept  clear,  an  engine  and  other  arrangements  were  prepared  as 
a  buttress  to  receive  the  runaway.  The  superintendent  of  the 
railway  also  started  down  the  line  on  an  engine ;  and  on 
passing  the  runaway,  he  reversed  his  engine  and  had  it  trans- 
ferred at  the  next  crossing  to  the  up -line,  so  as  to  be  in  the 
rear  of  the  fugitive ;  he  then  started  in  chase,  and  on  overtaking* 
the  other,  he  ran  into  it  at  speed,  and  the  driver  of  his  engine 
took  possession  of  the  fugitive,  and  all  danger  was  at  an  end. 
Twelve  stations  were  passed  in  safety  :  it  passed  Woolwich  at 
fifteen  miles  an  hour  :  it  was  within  a  couple  of  miles  of  London 
before  it  was  arrested.  Had  its  approach  been  unknown,  the 
mere  money  value  of  the  damage  it  would  have  caused  might 
have  equalled  the  cost  of  the  whole  line  of  telegraphs.  They 
have  thus  paid,  or  in  a  large  part  paid,  for  their  erection. 

' '  As  a  contrast  to  this,  an  engine,  some  months  previously, 
started  from  New  Cross  toward  London.  The  Brighton  Com- 
pany had  then  no  telegraphs ;  and  its  approach  could  not  be 
made  known.  Providentially,  the  arrival  platform  was  clear  ; 
it  ran  in,  carrying  the  fixed  buffer  before  it,  and  knocked 
down,  with  frightful  violence,  the  wall  of  the  parcels  office."  * 

189.  Among  the  general  uses  of  the  telegraph  to  the  public, 
many  examples  of  the  detection  of  crime  are  mentioned.  It  is- 
generally  known  that  the  notorious  Tawell,  after  the  com- 
mission of  the  murder,  started  for  London  from  Slough,  by  the 
Great  Western  Eailway.  Notice  of  the  crime,  and  a  descrip- 
tion of  his  person,  however,  flew  with  the  speed  of  light  along 
the  wires  and  arrived  at  Paddington  so  much  earlier  than  the 
murderer  himself,  that  upon  his  arrival  he  was  recognised, 
tracked  from  place  to  place,  finally  apprehended,  tried,  con- 
victed, and  executed. 

One  night  at  ten  o'clock,  the  chief  cashier  of  the  bank  re- 
ceived a  notice  from  Liverpool,  by  electric  telegraph,  to  stop 
certain  notes.  The  next  morning  the  descriptions  were  placed 

*   "  Telegraph  Manipulation.*' 
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upon  a  card  and  given  to  the  proper  officer,  to  watch  that  no 
person  exchanged  them  for  gold.  Within  ten  minutes  they 
were  presented  at  the  counter  by  an  apparent  foreigner,  who 
pretended  not  to  speak  a  word  of  English.  A  clerk  in  the  office 
who  spoke  German  interrogated  him,  when  he  declared  that  he 
had  received  them  on  the  Exchange  at  Antwerp  six  weeks 
before.  Upon  reference  to  the  books,  however,  it  appeared 
that  the  notes  had  only  been  issued  from  the  bank  about  four- 
teen days,  and  therefore  he  was  at  once  detected  as  the  utterer 
of  a  falsehood.  The  terrible  Forrester  was  sent  for,  who  forth- 
with locked  him  up,  and  the  notes  were  detained.  A  letter  was 
at  once  written  to  Liverpool,  and  the  real  owner  of  the  notes 
came  up  to  town  on  Monday  morning.  He  stated  that  he  was 
about  to  sail  for  America,  and  that  whilst  at  a  hotel  he  had 
exhibited  the  notes.  The  person  in  custody  advised  him  to 
stow  the  valuables  in  his  portmanteau,  as  Liverpool  was  a  very 
dangerous  place  for  a  man  to  walk  about  with  so  much  money 
in  his  pocket.  The  owner  of  the  property  had  no  sooner  left 
the  house  than  his  adviser  broke  open  the  portmanteau  and 
stole  the  property.  The  thief  was  taken  to  the  Mansion-House, 
and  could  not  make  any  defence.  The  sessions  were  then  going 
on  at  the  Old  Bailey.  Though  no  one  who  attends  that  court 
can  doubt  that  impartial  justice  and  leniency  are  administered 
to  the  prisoners,  yet  there  is  no  one  who  does  not  marvel  at  the 
truly  railway-speed  with  which  the  trials  are  conducted.  By 
a  little  after  ten  the  next  morning — such  was  the  speed — not 
only  was  a  true  bill  found,  but  the  trial  by  petty-jury  was 
concluded,  and  the  thief  sentenced  to  expiate  his  offence  by  ten 
years'  exile  from  his  native  country. 

The  following  additional  illustration  is  taken  from  an  article 
on  the  subject  which  appeared  in  the  "  Quarterly  Keview," 
extracted  from  the  telegraph  book  preserved  at  the  Paddington 
station : — 

"Paddington,  10.20  A.M.— 'Mail  train  just  started.  It 
contains  three  thieves,  named  Sparrow,  Burrell,  and  Spurgeon, 
in  the  first  compartment  of  the  fourth  first-class  carriage.' 

"  Slough,  10.48  A.M. — 'Mail  train  arrived.  The  officers  have 
cautioned  the  three  thieves.'' 

"Paddington,  10.50  A.M. — '  Special  train  just  left.  It  con- 
tained two  thieves  :  one  named  Oliver  Martin,  who  is  dressed 
in  black,  crape  on  his  hat;  the  other  named  Fiddler  Dick,  in 
black  trousers  and  light  blouse.  Both  in  the  third  compart- 
ment of  the  first  second-class  carriage.' 

"Slough,  11.16  A.M. — '  Special  train  arrived.  Officers  have 
taken  the  two  thieves  into  custody,  a  [lady  having,1  lost  her  bag 
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containing  a  purse  with  two  sovereigns  and  some  silver  in 
it ;  one  of  the  sovereigns  was  sworn  to  by  the  lady  as  having 
been  her  property.  It  was  found  in  Fiddler  Dick's  watch- 
fob.' 

"It  appears  that,  on  the  arrival  of  the  train,  a  policeman 
opened  the  door  of  the  '  third  compartment  of  the  first  second- 
class  carriage,'  and  asked  the  passengers  if  they  had  missed 
anything  ?  A  search  in  pockets  and  bags  accordingly  ensued, 
until  one  lady  called  out  that  her  purse  was  gone.  '  Fiddler 
Dick,  you  are  wanted,'  was  the  immediate  demand  of  the 
police-officer  beckoning  to  the  culprit,  who  came  out  of  the 
carriage  thunderstruck  at  the  discovery,  and  gave  himself  up, 
together  with  the  booty,  with  the  air  of  a  completely  beaten 
man.  The  effect  of  the  capture  so  cleverly  brought  about  is 
thus  spoken  of  in  the  telegraph  book  : — 

"  Slough,  11.51  A.M. — '  Several  of  the  suspected  persons  who 
came  by  the  various  down-trains  are  lurking  about  Slough, 
uttering  bitter  invectives  against  the  telegraph.  Not  one  of 
those  cautioned  has  ventured  to  proceed  to  the  Montem.' 

"Ever  after  this  the  light-fingered  gentry  avoided  the 
railway  and  the  too  intelligent  companion  that  ran  beside  it, 
.and  betook  themselves  again  to  the  road — a  retrograde  step,  to 
which  on  all  great  public  occasions  they  continue  to  adhere." 

190.  Personal  and  domestic  messages  are  most  generally  con- 
fined to  cases  of  urgency,   and  often  of  distress,   painful  or 
ludicrous,  as  the  case  may  be.     Persons  in  easy  circumstances, 
-often  resort  to  the  telegraph  to  gratify  a  caprice  or  to]  obtain 
some  object  of  gratification  for  which  they  are  impatient.     The 
mixture  of  subjects  which  the  agents  in  rapid  succession  read 
from  the  needles  is  most  curious.      "  We  have,"   says  Mr. 
Walker,  "ordered  a  turbot,  and  also  a  coffin;  a  dinner,  and 
.a  physician;  a  monthly  nurse  and  a  shooting-jacket;  a  special 
engine,  and  a  chain  cable  ;  an  officer's  uniform,  and  some  Wen- 
ham-lake  ice ;  a  clergyman  and  a  counsellor's  wig ;   a  royal 
standard,  and  a  hamper  of  wine;   and  so  on.     Passing  over 
the  black  leather  bag  which  some  one  every  day  appears  to 
leave    in    some  train,   passengers  have  recovered  luggage  of 
the  most  miscellaneous  character  by  means  of  the  telegraph. 
In  the  trains  have  been  left  a  pair  of  spectacles,  and  a  pig ;  an 
umbrella,  and  LayarcCs  Nineveh;    a  purse,   and  a  barrel  of 
•oysters ;  a  great-coat,  and  a  baby ;   and  boxes  and  trunks,  et 
id  genus  omne,  without  number." 

191.  Independently  of  the  direct  use  made  of  the  electric  tele- 
.graph  by  the  general  public,  for  the  transmission  of  private 
•dispatches,  the  several  companies  have  established,  in  various 
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principal  places,  news-rooms,  where  intelligence  is  from  hour 
to  hour  posted,  as  it  arrives  from  all  parts  of  the  world. 

The  Telegraph  Company,  soon  after  its  establishment,  opened 
subscription  news-rooms  in  the  chief  towns  of  England,  espe- 
cially those  of  the  northern  counties,  in  which  intelligence  of 
every  description  which  could  interest  the  general'  public  was 
posted  from  hour  to  hour  during  the  day,  immediately  on  its 
transmission  from  London.  These  establishments  did  not, 
however,  receive  the  necessary  public  support,  and  with  one  or 
two  exceptions,  they  have  been  discontinued.  There  is,  how- 
ever, in  the  Lothbury  establishment,  besides  the  private  message 
department,  a  general  intelligence  office,  in  which  the  news 
published  in  the  morning  journals  is  condensed  and  transmitted 
to  the  Exchanges  of  Liverpool,  Bristol,  Manchester,  Glasgow, 
and  other  chief  provincial  centres  of  business. 

During  the  day,  the  London  and  other  news  is  collected, 
condensed,  and  transmitted  to  the  offices  of  upwards  of  400 
provincial  papers,  which  thus  receive  during  the  night  before 
their  publication  the  most  recent  intelligence  of  every  sort  re- 
ceived by  telegraph  from  all  parts  of  Europe,  besides  the  cur- 
rent news  of  the  United  Kingdom  to  the  latest  moment.  The 
chief  of  this  department,  Mr.  0.  Y.  Boys,  and  numerous  assist- 
ants, are  exclusively  engaged  in  the  business  of  this  department, 
and  their  office  presents  all  the  appearances  of  the  editor's  room  of 
a  widely  circulating  journal.  At  six  in  the  morning  the  news 
staff  are  to  be  seen  deep  in  the  "Times"  and  other  daily 
papers,  just  hot  from  the  press,  making  extracts  and  condensing 
into  short  paragraphs  all  the  most  important  news,  which  are 
immediately  transmitted  to  the  country  papers  to  form  second 
editions.  Neither  does  the  work  cease  here,  for  no  sooner  is 
a  second  edition  published  in  London  than  its  news,  if  of  more 
than  ordinary  interest,  is  transmitted  to  the  provinces.  Arrived 
at  the  chief  places  in  direct  communication  with  London, 
swifter  than  a  rocket  could  fly  the  distance,  like  a  rocket  it 
bursts,  and  is  again  carried  by  diverging  (branch)  wires  into  a 
dozen  neighbouring  towns  of  less  magnitude  and  importance. 

Besides  this  organisation  for  the  general  transmission  of 
dispatches  from  the  great  metropolis  to  the  provinces,  there 
are  some  curious  special  arrangements  made  for  the  satis- 
faction of  the  wants  of  particular  classes.  Thus  a  wire  is  exclu- 
sively appropriated  to  communications  between  the  Octagon 
Hall  of  the  Houses  of  Parliament  and  the  telegraphic  station  in 
St.  James's-street,  the  centre  of  the  West-end  clubs.  This  par- 
ticular wire  should  be  called  the  "whipper-in"  of  the  House, 
for  it  is  nothing  more  than  a  call- wire  for  members.  The  com- 


238 


THE  ELECTRIC  TELEGRAPH. 


pany  employ  reporters  during  the  sitting  of  Parliament  to  make 
an  abstract  from  the  gallery  of  the  business  of  the  two  Houses 
as  it  proceeds,  and  this  abstract  is  forwarded  at  very  short  inter- 
vals to  the  office  in  St.  James's-street,  where  it  is  set  up  and 
printed,  additions  being  made  to  the  sheet  issued  as  the  MS. 
comes  in.  This  flying  sheet  is  sent  half-hourly  to  the  following 
clubs  and  establishments  : — Arthur's ;  Carlton ;  Oxford  and 
Cambridge;  Brookes's;  Conservative;  United  Service;  Athe- 
naeum ;  Eeform ;  Travellers' ;  United  University ;  Union ;  and 
"White's.  Hourly  to  Boodle's,  Guards,  and  Army  and  Xavy 
Clubs ;  and  half-hourly  to  the  Eoyal  Italian  Opera.  The  shortest 
possible  abstract  is  of  course  supplied,  just  sufficient,  in  fact, 
to  enable  the  after-dinner  M.P.  so  to  economise  his  proceedings 
as  to  be  able  to  finish  his  claret  and  yet  be  in  time  for  the 
ministerial  statement,  or  to  count  in  the  division.  The  follow- 
ing, for  instance,  is  a  fac-simile  of  the  printed  abstract: — 

TELEGRAPHIC  PARLIAMENTARY  REPORT. 

HOUSE  OP  COMMONS,   FRIDAY,  FEBRUARY  STH,  1867. 


M. 


louse  made. 

Petitions  for  Private  Bills. 

Public  Petitions. 

[Jnopposed  Returns. 

Notices  of  Motions. 

Questions. 

On  the  motion  for  adjournment   5 
until  Monday, 

Mr.  C.   Forster  inquiring  in- 
tentions of  Government  as  to 
the  Law  of  Forfeiture  on  con-    G 
yictions  of  Felony.  j  6 

Mr.  Walpole  intimated  he1! 
would  bring  in  a  Bill  on  the 
subject. 

Motion  for  Adjournment 
agreed  to. 

In  answer  to  Mr.  Gladstone,    7 
as  to  whether  the   Govern-, 
ment  could  give  the   House 
any   information    as  to   the 
mode   of   procedure   on    the    7 
question  of  Reform,  I  8 

The  Chancellor  of  the  Exche-'j 
quer  stated  the  notice  he 
intended  to  give,  was  to  call  j 


M. 

attention   to   the  paragraph 
in  the  Queen's  speech,   and 
to  make  a  statement  thereon 
He  hoped  the  House  would 
not  press  for  information  be- 
fore Monday  next. 
30  Mr.  Hardy  moving  for  Bill  to 
establish    Asylums    for    the 
Sick,  Insane,  &c.  of  the  Poor 
of  the  Metropolis. 
0  Still  speaking. 
30!  Ditto. 

Mr.  Ayrton  observations. 

Lord  Enfield  ditto. 

;Dr.  Brady  ditto. 

!Mr.  Locke  ditto. 

Agreed  to. 

Mr.  Walpole  moving  for  Bill 
to  facilitate  inquiries  by  Royal 
Commissions     into     Trades' 
Unions,  &c. 
30',Still  speaking. 
0  Sir  G.  Grey  observations! 

!Mr.  Hughes  ditto. 

I  Mr.  Goschen  ditto. 

Mr.  Roebuck  ditto. 
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TIME. 

TIME. 

H.  M. 

II. 

M. 

8  30 

Mr.  Neate  ditto. 

HOUSE  OF  LORDS. 

Sir  F.  Crossley  ditto. 

The    Duke    of   Somerset    de- 

Mr. Ayrton  ditto. 

fended  the  policy  of  the  late 

9     0 

The  Attorney-  General  answer- 

Admiralty. 

ing  objections. 

The  Earl  of  Dudley  called  at- 

Mr. W.  Forster  observations. 

tention    to     the    threatened 

Mr.  Kinnaird  ditto. 

Political  Procession  on  Mon- 

Mr. Whalley  observations. 

day. 

Mr.  Walpole  replied. 

The  Earl  of  Derby  deeply  re- 

i Motion  agreed  to. 

gretted  the  affair,  but  it  was 

9  30:  Mr.    R.    Gurney    moving  for 

within   the  law.      The   Go- 

Bill to  remove  some  defects 

vernment  would  take  mea- 

in   administration     of    the 

sures  to  preserve  the  peace. 

Criminal  Laws. 

6 

50 

LORDS  ADJOURNED. 

Agreed  to. 

Remaining  business   disposed 

\ 

of. 

9  40 

HOUSE   ADJOURNED    until    4 

. 

o'clock  on  Monday. 

The  wire  to  the  Opera  is  a  still  more  curious  example  of  the 
social  services  the  new  power  is  destined  to  perform.  An  abstract 
of  the  proceedings  of  Parliament,  similar  to  the  above,  but  in 
i.oritiiig  is  posted  during  the  performance,  in  the  Lobby ;  and 
Young  England  has  only  to  lounge  out  between  the  acts  to 
know  if  Disraeli  or  Lord  John  Eussell  is  up,  and  whether  he 
may  sit  out  the  piece,  or  must  hasten  down  to  Westminster. 
The  Opera-house  even  communicates  with  the  Strand-office,  so 
that  messages  may  be  sent  from  thence  to  all  parts  of  the 
kingdom.  The  government  wires  go  from  Somerset-house  to  the 
Admiralty,  and  thence  in  one  direction  to  Portsmouth  and  Ply- 
mouth by  the  South- Western  and  Great  Western  Eailways ; 
and  in  the  other  to  the  naval  establishments  at  Deptford, 
Woolwich,  Chatham,  Sheerness,  and  to  the  Cinque  Ports  of 
Deal  and  Dover.  They  are  worked  by  a  staff  provided  by  the 
telegraph  companies,  and  the  more  important  messages  are 
usually  sent  in  cipher,  the  meaning  of  which  is  unknown  even 
to  the  telegraphic  clerks  employed  in  transmitting  it.  In 
addition  to  the  wires  already  spoken  of,  street  branches  run 
from  Buckingham  Palace  and  Scotland-yard  (the  head  police- 
office)  to  the  station  at  Charing-cross,  and  thence  to  the  city ; 
whilst  the  Post-office,  Lloyd's,  Capel-court,  and  the  Corn 
Exchange  communicate  directly  with  the  central  offices. 

The  telegraph  companies  have  made  combined  arrangements 
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by  which  the  correspondents  of  the  press  are  allowed  to  forward 
messages  upon  an  entirely  different  basis ;  the  charge  for  intel- 
ligence so  transmitted  amounting  to  only  one -third  of  the  charge 
to  the  public,  the  matter  being  more  voluminous,  and  in  a  great 
measure  passing  through  the  wires  at  a  time  when  they  are  not 
otherwise  occupied. 

The  companies  also  supply  the  press  and  news-rooms  in 
various  parts  of  the  United  Kingdom  with  news  by  contract,  at 
the  rate  of  about  one  halfpenny  per  line  of  ten  words ;  and  are 
enabled  to  do  so  by  making  manifold  copies  of  the  information 
(whatever  be  its  nature)  for  the  use  of  all  the  press,  &c.,  in  each 
town  or  district  through  which  such  news  passes. 

Under  such  arrangements,  intelligence  to  the  amount  of  four 
closely  printed  newspaper  columns,  or  more,  daily,  is  trans- 
mitted between  all  the  stations,  conveying  information  of  the 
various  share,  corn,  cotton,  coal,  iron,  cattle,  provision,  and 
produce  markets ;  fairs,  shipping  arrivals,  foreign  and  domestic 
information,  Gazette  news,  Parliamentary  reports,  &c.  Each 
piece  of  news,  whatever  its  nature,  obtained  in  one  town  being 
conveyed  to  all  the  rest :  the  arrival  of  vessels  in  Liverpool,  the 
result  of  a  market  in  Glasgow,  or  of  a  cattle  fair  at  Balli- 
nasloe,  affording  intelligence  for  the  whole  of  the  United  King- 
dom, and  vice  versa. 

In  order  to  carry  out  this  system,  the  companies  employ  paid 
agents,  news  collectors,  parliamentary  reporters,  &c.,  under  the 
direction  of  Mr.  Boys  in  London. 

The  following  anecdote  may  amuse,  in  connection  with  news- 
paper telegraphing : — ' '  Four  Scotch  newspapers  have  each  a 
special  telegraph  wire  between  London  and  Scotland — the  Scots- 
man, and  the  Daily  fieview,  in  Edinburgh,  and  the  Herald  and 
the  Mail,  in  Glasgow — by  which  important  news  items  are 
nightly  transmitted  to  the  respective  journals.  Whether  there 
is  any  great  necessity  for  such  expensive  newspaper  enterprise, 
it  is  not  our  province  to  inquire ;  it  is  enough  for  our  purpose 
to  say  that  '  special  wiring '  has  become  a  feature  of  Scottish 
journalism,  if  it  is  not  also  a  millstone  round  its  neck.  The 
other  night  Mr.  Moffat,  who  transmits  news  from  London  to  the 
Glasgow  Daily  Mail,  arrived  late  at  the  Gresham-street  telegraph 
station,  and  found  to  his  dismay  that  the  gate  was  shut  and 
bolted,  and  the  night  porter  sound  asleep.  Knocking  was  of  no 
use,  kicking  had  quite  as  little  effect ;  the  porter  slept  the  sleep 
of  the  man  with  an  easy  conscience.  What  was  to  be  done  ? 
The  doughty  Scot  knew  that  high  up  in  the  building  a  telegraph 
clerk  waited  anxiously  for  the  last  of  his  '  copy,'  and  he  further 
knew,  to  his  cost,  that  there  were  pains  and  penalties  attached 
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to  the  non-transmission  of  the  '  latest  intelligence.'  At  length 
a  bright  idea  struck  him.  He  ran  to  Threaclneedle- street,  tele- 
graphed to  Glasgow  that  the  '  special-wire  '  porter  was  asleep, 
and  requested  the  clerk  at  the  Glasgow  end  to  let  tho  Gresham- 
street  clerk  know  that  such  was  the  case.  This  involved  tele- 
graphing nearly  one  thousand  miles,  but,  nevertheless,  within 
ten  minutes  the  Gresharn-street  telegraph  clerk  received  the  in- 
structions, came  down  stairs,  awoke  the  slumbering  official,  and 
gave  admission  to  the  excited  journalist  and  his  batch  of 
'  copy  ! '  " 

192.  It  is  a  fact  well  known  that  the  electric  telegraph  is  much 
more  extensively  used  for  all  purposes,  political,  commercial, 
and  domestic,  in  tho  United  States  than  in  this  or  any  other  part 
of  Europe.  The  rates  for  messages  were  at  one  time  lower  in 
the  United  States  than  in  Europe,  but  now  on  an  average  the 
American  charges  are  considerably  higher,  while  the  number  of 
words  of  an  ordinary  average  are  limited  to  ten,  instead  of  the 
twenty  allowed  in  this  country.  We  must  therefore  refer  the 
more  extensive  use  of  the  wires  among  our  Trans-Atlantic 
descendants  to  the  great  distances  between  many  important 
towns  in  America,  and  to  the  comparative  slowness  and  uncer- 
tainty of  their  postal  communication.  In  the  United  Kingdom 
a  letter  can  be  transmitted  by  post  in  a  few  hours,  and  the  Post 
Office,  by  its  promptitude  and  punctuality,  supersedes  the  use 
of  the  wires  in  a  vast  number  of  cases. 

In  addition  to  this,  the  population  of  America  are  much  more 
migratory  and  speculative,  and  therefore  far  more  inducements 
to  use  the  telegraph  exist. 

We  shall  notice  the  question  of  the  tariffs  hereafter. 

The  classes  of  messages  entitled  to  precedence  are  government 
messages,  and  messages  for  the  furtherance  of  justice  in  detec- 
tion of  criminals,  &c. ;  then  death  messages,  which  include 
cases  of  sickness  when  the  presence  of  a  party  is  sent  for  by  the 
sick  and  dying.  Important  press-news  comes  next;  if  not  of 
extraordinary  interest,  it  takes  its  turn  with  the  mercantile 
messages. 

Commercial  houses  resort  largely  to  the  telegraph.  Por  ex- 
ample: a  person  purchasing  goods  in  a  market,  gives  his 
reference  to  the  merchant — such  reference  being  perhaps  700  or 
800  miles  away  from  him.  By  the  aid  of  the  telegraph,  the 
merchant  can  learn  the  standing  of  his  customer,  even  before 
the  purchase  is  completed.  There  are  bankers,  brokers,  &c., 
that  receive  and  send,  on  an  average,  ten  or  twenty  messages 
per  day,  throughout  the  year. 

The  telegraph  is  sometimes  used  by  commercial  men  to  almost 
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as  great  an  extent  as  the  mail.  This  can  be  better  illustrated 
by  the  number  of  messages  sent  and  received  between  cities 
whose  commercial  relations  are  intimate,  during  the  hours  from 
10  A.M.  to  5  P.M.  For  instance :  there  are  transmitted  daily, 
between  the  cities  of  London  and  Manchester,  or  New  York  and 
Boston,  1000  or  more  messages ;  three-fourths,  if  not  four-fifths, 
of  which  are  transmitted  between  the  hours  above  named.  The 
number  of  messages  sent  by  a  commercial  house  is  governed  by 
the  excitement  there  is  in  the  market  of  the  particular  article 
they  may  be  dealing  in.  If  there  are  "  ups  and  downs  "  in  the 
market,  money  is  lavished  upon  the  telegraph  freely. 

It  often  happens  that  a  person  desires  to  "  converse"  with 
another  400  or  500  miles  off.  An  hour  is  appointed  to  meet  in 
the  respective  offices,  and  they  converse  through  the  operator. 
Cases  may  be  mentioned  of  steamboats  being  sold  over  the  wires 
— the  one  party  being  in  Pittsburg,  the  other  in  Cincinnati. 
Each  party  wrote  down  what  they  had  to  say,  higgled  awhile, 
and  finally  concluded  the  sale.  Their  correspondence  was  filed 
away,  like  other  messages,  and  kept  for  reference,  if  ever  called 
in  question.  It  is  often  used  by  parties,  when  from  home,  cor- 
responding with  their  families.  Sometimes  it  is  the  messenger 
of  woe;  and  anon,  that  of  pleasure.  In  the  early  part  of  1852, 
the  Astor  House  of  New  York,  and  the  Burnet  House  of  Cin- 
cinnati, had  a  series  of  telegraphic  parties.  An  account  of  one 
of  them  was  published  in  the  "  Cincinnati  Gazette,"  the  parties 
conversing  being  about  750  miles  apart. 

In  the  same  way  the  chess  clubs  of  Liverpool,  Dublin,  Man- 
chester, &c.,  occasionally  arrange  to  meet  in  rooms  attached  to 
the  telegraph  offices,  and  play  chess  matches  through  the  wires, 
each  move  being  thus  dictated. 

The  following  example  of  the  activity  of  journalism  is 
given  by  Mr.  Jones,  who  was  himself  a  telegraphic  agent  for 
the  newspapers : — "  Some  time  back  the  Asia  arrived  at  Quaran- 
tine, near  New  York,  about  8  P.M.,  and  was  detained  an  hour 
by  the  health  officer.  The  agent  of  the  New  York  Associated 
Press  and  of  the  New  Orleans  Merchants'  Exchange,  Mr.  Jones, 
to  gain  but  a  few  minutes,  had  a  boat  in  readiness  when  the 
Asia  brought  to.  A  small  bag,  containing  the  latest  news,  was 
handed  over  the  steamer's  side,  to  the  small  boat.  By  great 
exertions  she  gained  New  York  half-an-hour  ahead  of  the  Asia. 
The  bag  was  opened — a  copy  of  her  news  was  handed  to  us, 
addressed  to  the  Merchants'  Exchange,  New  Orleans,  signed 
*  Jones ' — to  work  we  went.  It  was  being  transmitted  over  the 
wires  amid  the  thundering  of  the  Asia's  cannon,  as  she  rounded 
the  point ;  and  a  complete  synopsis  of  her  commercial  and  politi- 
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cal  news  was  received  in  Louisville,  1 100  miles  in  the  interior, 
before  the  ship  had  actually  reached  the  city."  In  the  same 
way,  the  steamers  from  America  have  been  met,  for  years  prior 
to  the  establishment  of  the  Atlantic  Telegraph,  by  special  tele- 
graph steamers  off  the  coast  of  Ireland,  at  Cape  Clear,  Crook- 
haven,  and  Green  castle ;  and  the  news  brought  on  their  home- 
ward voyages  wired  to  England  and  the  continent  of  Europe 
many  hours  before  their  arrival  in  port. 

193.  The  recent  attempts  of  the  Fenians  to  effect  a  rising  in 
Chester  and  Ireland  were  baffled  by  timely  advice   given  by 
the  wires  to  the  government,  troops,  and  police. 

In  his  reports  to  Congress,  Prof.  Morse  has  supplied  various 
examples  of  the  use  made  of  the  telegraph  by  all  classes  of  persons. 
During  the  Philadelphia  riots  of  1844,  the  mayor  of  that  city 
sent  an  'express  by  railway  to  the  President  of  the  United  States 
at  Washington.  On  the  arrival  of  the  train  at  Baltimore,  the 
contents  of  the  express  transpired,  and  the  telegraph,  which  was 
then  just  put  in  operation  between  Baltimore  and  Washington, 
not  being  yet  established  elsewhere  in  the  States,  sent  on  the 
substance  of  the  dispatch.  The  President  held  a  cabinet  council 
while  the  dispatch  itself  was  coming,  and  had  his  answer  pre- 
pared and  delivered  to  the  messenger  who  brought  the  dispatch 
at  the  moment  of  his  arrival,  who  returned  with  it  instantly  to 
Philadelphia. 

194.  Medical  consultations  occasionally' take  place  by  tele- 
graph.     A  patient  in  or  near  a  country  village  desires  to 
consult  a  leading  medical  practitioner  at  four  or  five  hundred 
miles  distant.     With  the  aid  of  the  local  apothecary,  or  with- 
out it,  he  draws  up  a  short  statement  of  his  case,  sends  it 
along  the  wires,  and  in  an  hour  or  two  receives  the  advice  he 
seeks,  and  a  prescription.     Cases  are  recorded  in  which  electric 
marriages  have  been  contracted  between  parties  separated  one 
from  another  by  many  degrees  of  latitude.     A  correspondent  of 
the  author  of  a  paper  in  Chambers's  Collection  states,  that  in 
the  United  States  "  the  telegraph  is  used  by  all  classes,  except 
the  very  poorest — the  same  as  the  mail.     A  man  leaves  his 
family  for  a  week  or  a  month ;  he  telegraphs  them  of  his  health 
and  whereabouts  from  time  to  time.     If  returning  home,  on 
reaching  Albany  or  Philadelphia,  he  sends  word  of  the  hour 
that  he  will  arrive.     In  the  towns  about  New  York  the  most 
ordinary  messages  are  sent  in  this  way — a  joke,  an  invitation 
to  a  party,  an  inquiry  about  health,  &c.     In  our  business  we 
use  it  continually.      The  other  day,  two  different  men  from 
Montreal  wanted  credit,  and  had  no  references.   We  said,  '  Very 
well ;  look  out  the  goods,  and  we  will  see  about  it.'    Meanwhile 
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we  asked  our  friends  in  Montreal,  *  Are  Pump  and  Proser  good 
for  one  hundred  dollars  each  ? '  The  answer  was  immediately 
returned,  and  we  acted  accordingly,  probably  much  to  our  cus- 
tomers' surprise.  The  charge  was  a  dollar  for  each  message, 
distance  about  500  miles,  but  much  further  by  telegraph,  as  it 
has  to  go  a  round  to  avoid  water.  If  my  brother  goes  to  Phila- 
delphia, he  telegraphs,  '  How  is  the  family  ?  What  is  doing  ?  ' — 
I  answer,  '  All  well.  Sales  so  much,'  and  so  on."  * 

195.  It  has  been  contended  by  some,  that  one  of  the  most 
serious  drawbacks  to  the  general  extension  of  the  use  of  the 
electric  telegraph  is  the  impracticability  of  preserving  that  secresy 
which  the  seal  confers  on  written  correspondence,  the  absence 
of  which  would  utterly  annihilate  the  utility  of  the  post-office. 
The  imperious  necessity  of  guarding  this  secresy  inviolate,  is 
apparent  in  the  heavy  penalties  attached  to  the  rupture  of  the 
seal,  which  can  only  be  effected  with  impunity  by  a  special 
authorisation  of  a  secretary  of  state.  The  vital  importance  of 
preserving  secresy  in  the  telegraph  is  implicitly  acknowledged 
by  the  heavy  penalties,  the  smallest  of  which  is  dismissal, 
imposed  in  all  countries  on  the  agents  who  disclose  the  contents 
of  private  telegraphic  correspondence. 

Secresy  is  of  course  ensured  by  the  use  of  any  species  of 
cypher,  but  this  supposes  that  the  parties  corresponding  have 
previously  prepared  the  cypher,  and  are  mutually  possessed  of 
its  key.  Such  a  condition  can  only  be  practically  fulfilled  by 
correspondents  having  habitual  need  of  intercommunication, 
such  as  mercantile  establishments  interchanging  news  of  the 
markets,  stocks,  sales,  and  other  commercial  details;  but  for 
the  occasional  communications  of  domestic  life  it  is  quite  un- 
available. 

If  the  same  privacy  as  is  afforded  by  the  post-office  can  be 
thus  secured  to  telegraphic  communications;  and  if  by  the 
multiplication  of  their  wires,  and  the  improved  efficiency  of 
their  instruments,  the  companies  are  enabled  to  reduce  their 
tariff  to  a  still  lower  limit,  and  to  base  it  on  some  uniform 
principle  similar  to  the  admirable  penny-postage  system  of  Mr. 
Eowland  Hill ;  it  is  difficult  to  foresee  the  extent  of  the  revolu- 
tion which  this  noble  gift  of  science  to  mankind  may  effect. 
Great  as  the  benefits  have  been  which  the  post-office  has  con- 
ferred, they  will  sink  to  nothing  compared  with  those  of  the 
telegraph.  In  estimating  the  importance  of  the  part  reserved 
for  this  vast  agent  of  civilisation,  it  must  not  be  forgotten  that 


*  "Chambera's  Papers  for  the  People,"  vol.  ix.,  No.  71. 


SECRESY  AND   CYPHER.  245 

it  is  still  in  its  early  infancy,  and  that  its  most  wondrous  powers 
are  not  yet  developed  by  time  and  growth. 

It  is,  however,  only  in  rare  instances  that  cypher  messages 
are  resorted  to.  The  public  confidence  has  been  won  by  the 
general  secresy  observed  by  the  telegraphic  agents,  and  in 
general  no  apprehension  of  disclosure  prevents  persons  from 
sending  the  most  private  and  confidential  dispatches  in  the 
usual  manner.  One  of  the  directors,  who  for  four  years  has 
had  the  superintendence  of  extensive  lines,  states,  that  in  that 
interval  he  never  heard  of  an  instance  of  the  contents  of  a  dis- 
patch being  divulged. 

Another  circumstance  which  experience  has  made  manifest 
has  given  security  to  the  public  on  this  point.  It  appears  that 
the  agents  who  are  for  many  hours  labouring  at  the  machine  in 
the  transmission  of  dispatches,  word  by  word,  rarely  are  able 
to  give  that  kind  of  attention  to  the  sense  and  purport  of  the 
whole  which  would  be  necessary  to  the  clear  understanding  of 
it.  Their  attention  is  engrossed  exclusively  in  the  manipula- 
tion necessary  to  transmit  letter  after  letter,  and  they  have 
neither  time  nor  attention  to  spare  for  the  subject  of  the  whole 
dispatch.  The  case  is  very  analogous  to  that  of  c  ompositors 
in  a  printing-office,  who,  as  is  well  known,  go  through  their 
work  mechanically,  without  giving  the  least  attention  to  the 
subject. 

A  sort  of  code,  or  abbreviations,  are  much  in  use,  however, 
by  mercantile  houses.  This  is  practised  more  for  the  sake  of 
economy  than  secresy,  although  the  latter  purpose  is  also 
attained.  The  firm  and  its  correspondents  have  a  key  in 
which  are  tabulated  a  number  of  single  words,  each  of  which 
expresses  a  phrase  or  sentence,  such  as  is  of  frequent  occur- 
rence in  such  communications.  The  following  example  of  such 
a  commercial  dispatch  is  given  by  Mr.  Jones.  The  dispatch  to 
be  sent  consisted  of  68  words,  as  follows : — 

"  Flour  Market  for  common  and  fair  brands  of  western  is  lower, 
with  moderate  demand  for  home  trade  and  export.  Sales,  8000 
bbls.  Genesee  at  5  dols.  12.  Wheat,  prime  in  fair  demand,  market 
firm,  common  description  dull,  with  a  downward  tendency,  sales, 
4000  bushels  at  1  dol.  10.  Corn,  foreign  neius  unsettled  the  market; 
no  sales  of  importance  made.  The  only  sale  made  was  2500  bushels 
at  67  c." 

This  dispatch,  when  converted  into  code,  was  expressed  in 
nine  words,  as  follows : — 

"  Bad  came  aft  keen  dark  ache  lain  fault  adapt." 

Complicated  systems  of  code  and  cypher  were  invented  for  the 
transmission  of  parliamentary  and  law  reports,  and  those  of 
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public  meetings.  "When  the  tolls,  however,  were  reduced  by 
competition,  this  system  was  abandoned,  and  the  reports  were 
sent  in  full,  or  with  such  abbreviations  only  as  are  obvious. 

196.  In  New  York,  seven  of  the  principal  journals  formed  an 
association,  many  years  ago,  to  telegraph  in  common,  sharing 
the  expense.  Each  journal  was,  however,  at  liberty  to  order 
for  itself  any  extra  intelligence,  giving  the  others,  or  any  of 
them,  the  option  of  sharing  it. 

Mr.  Jones  relates  that  one  of  the  earliest  telegraph  feats, 
after  the  extension  of  the  telegraph  lines  west  to  Cincinnati, 
was  brought  about  by  the  agency  of  the  "  New  York  Herald," 
and  before  any  regular  association  of  the  press  was  formed  in 
New  York. 

"  It  became  known  that  Mr.  Clay  would  deliver  a  speech  in 
Lexington  (Ky.),  on  the  Mexican  war,  which  was  then  exciting 
much  public  attention.  Mr.  Bennett,  editor  and  proprietor  of 
the  '  Herald,'  desired  us  to  have  Mr.  Clay's  speech  reported 
for  the  paper.  We  at  once  proceeded,"  says  Mr.  Jones,  "to 
make  arrangements  to  carry  it  into  effect.  We  had  a  regular 
and  efficient  reporter  already  employed  in  Cincinnati,  a  Mr.  G. 
Bennett ;  we  also  had  a  Mr.  Thompson  in  Philadelphia  in  co- 
operation with  us  for  some  papers  there,  and  which  agreed,  if 
the  speech  was  first  received,  to  share  the  expense  with  the 
'  Herald.'  The  'Tribune  '  in  New  York,  and  the  'North  Ameri- 
can '  in  Philadelphia,  agreed  to  start  for  a  report  of  the  speech, 
in  opposition.  From  Lexington  to  Cincinnati  was  eighty  miles, 
over  which  an  express  had  to  be  run.  Horses  were  placed  at 
every  ten  miles  by  the  Cincinnati  agent.  An  expert  rider  was 
engaged,  and  a  short-hand  reporter  or  two  stationed  in  Lex- 
ington. When  they  had  prepared  his  speech  it  was  then  dark. 
The  express-man,  on  receiving  it,  proceeded  with  it  for  Cin- 
cinnati. The  night  was  dark  and  rainy,  yet  he  accomplished 
the  trip  in  eight  hours,  over  a  rough,  hilly,  country  road.  The 
whole  speech  was  received  at  the  *  Herald '  office  at  an  early 
hour  the  next  morning,  although  the  wires  were  interrupted 
for  a  short  time  in  the  night,  near  Pittsburg,  in  consequence  of 
the  limb  of  a  tree  having  fallen  across  them.  An  enterprising 
operator  in  the  Pittsburg  office,  finding  communication  sus- 
pended, procured  a  horse,  and  rode  along  the  line  amidst  the 
darkness  and  rain,  found  the  place,  and  the  cause  of  the  break, 
which  he  repaired;  then  returned  to  the  office,  and  finished 
sending  the  speech." 

The  Philadelphia  "  North  American,"  upon  whom  the  "  Tri- 
bune" chiefly  depended,  failed  to  get  its  report,  and  the  latter 
purchased  a  copy  from  the  "  Herald." 
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The  expense  of  securing  the  speech  by  express  and  telegraph 
amounted  to  about  100?. 

197.  The  telegraphs  have  derived  a  considerable  share  of  their 
revenue  from  the  press.      The  whole  expense,  for  telegraph 
reports  of  all  kinds,  have  some  years  cost  the  New  York  Asso- 
ciated Press  about  40,000?.  per  annum.     Since  the  opening  of 
the  Atlantic  Telegraph  one  American  paper  alone,  the  "  New 
York  Herald,"  has  paid  for  long  dispatches  at  the  rate  of  a 
sovereign  a  word.     Single  dispatches  to  this  paper,  giving  the 
King  of  Prussia's  speech  after  peace  with  Austria,  and  parti- 
culars of  the  fight  between  Mace  and  Goss,  cost  over  800?.  each. 
The  provincial  newspapers  in  England  pay  the  Telegraph  Com- 
panies in  the  aggregate  about  20,000?.  per  annum  for  reports  of 
all  items  of  important  news.      The  companies  employ  their 
agents  and  reporters  to  collect  and  condense  information  at 
various  points  ; — consisting  of  markets ;  shipping  arrivals  and 
departures;  state  of  weather;  political,  foreign,  and  domestic 
news  ;  abstracts  of  the  parliamentary  debates ;  results  of  races, 
&c.     This  mass  of  reports  averages  about  four  columns  daily, 
and  is  supplied  to  the  newsrooms  and  newspapers  throughout 
the  kingdom  for  a  small  annual  payment  from  each.     In  some 
cases  the  leading  newspapers  supplement  this  supply  by  hiring 
the  use  of  special  wires,  through  which  their  own  reporters 
transmit  by  means  of  the  company's  staff  many  columns  of 
news.     On  any  occasion  of  great  importance,  reports  in  extenso 
are  passed  through  the  wires.     On  one  occasion  the  President's 
speech  was  telegraphed  in  full  from  Liverpool  in  three  hours, 
occupying  no  less  than  thirteen  columns  of  close  print  in  the 
London  morning  papers. 

198.  The  electric  telegraph,  an  offspring  of  science,  has  ren- 
dered to  its  parent  great  and  important  services. 

From  the  moment  that  it  was  discovered  that  the  pulsations 
of  the  electric  current  could,  by  means  of  the  conducting  wires, 
be  transmitted  to  any  distances,  its  use  in  the  important  problem 
of  the  determination  of  longitudes  became  conspicuously  appa- 
rent. By  reference  to  Dr.  Lardner's  tract  on  Latitudes  and 
Longitudes,*  it  will  be  seen  that  the  difference  of  the  longitudes 
of  two  places  upon  the  earth's  surface  is  nothing  more  nor  less 
than  the  difference  of  the  hour  of  the  day  or  night,  as  shown  by 
two  well-regulated  clocks  at  the  two  places.  Thus,  if  while  it  is 
3  o'clock  at  one  place,  it  is  4  o'clock  at  the  other,  the  latter  is 
one  hour  of  longitude  east,  and  the  former  one  hour  west  of  the 
other ;  or,  if  it  be  preferred  to  express  the  longitude  in  degrees, 
the  one  place  is  15°  east  or  west  of  the  other. 

*  "Latitudes  and  Longitudes"  in  Lardner's  Museum. 
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Now  since  the  machinery  of  the  electric  telegraph  supplies 
the  means  of  making  all  the  time-pieces  of  whatever  kind,  or 
wherever  placed,  which  are  brought  into  connection  with  the 
same  system  of  wires,  move  in  exact  accordance ;  it  is  capable 
of  making  all  the  time-pieces  in  the  United  Kingdom  move  in 
exact  accordance  with  the  standard  chronometer  of  Greenwich 
Observatory ;  or,  to  take  a  still  larger  view  of  the  principle,  it 
is  capable  of  governing  the  movement  of  all  the  time-pieces  of 
whatever  sort,  and  wherever  situated  within  the  range  of  the 
vast  net- work  of  telegraphic  wires,  which  overspreads  the  Euro- 
pean continent ;  so  as  to  make  them,  move  in  accordance  with 
any  standard  time-piece,  which  may  by  common  consent  be 
adopted  as  the  common  regulator. 

If  such  an  uniformity  of  chronometers  were  established,  the 
longitudes  of  all  places  would  be  determined  by  ascertaining 
by  observations  on  the  sun,  which  are  always  easy  and  sus- 
ceptible of  great  precision,  the  local  time,  that  is  to  say,  the 
time  which  would  be  shown  by  a  well-regulated  clock  on  the 
present  system.  The  difference  of  the  two  times,  that  shown  by 
the  common  standard  regulator  and  that  shown  by  the  local 
clock,  would  be  the  difference  of  longitude  between  the  place  in 
question  and  the  place  where  the  standard  regulator  would 
show  local  time. 

In  places  at  great  distances  asunder,  and  in  different 
countries,  such  horological  uniformity  would,  at  first,  for  civil 
purposes  be  attended  with  some  inconvenience,  since  the  hour 
of  noon  would  vary  with  the  longitude.  Thus,  at  a  place  15° 
east  of  the  standard  station,  the  hour  of  noon  would  be  one 
o'clock,  and  at  a  place  15°  west  it  would  be  11  o'clock.  Such 
an  inconvenience  would,  however,  only  be  felt  at  the  moment 
of  the  change  of  custom.  It  is  obvious  that  it  would  be  as  easy 
and  simple  to  mark  the  moment  at  which  the  sun  passes  the 
meridian  by  11  or  1,  as  by  12. 

Incidentally  to  such  an  horological  uniformity  would  arise, 
however,  the  convenience  that  the  hour  of  noon  at  all  places 
would  express  their  longitude  with  relation  to  the  standard 
station. 

The  only  obstacle  to  carrying  out  such  arrangements  is  that 
of  the  expense  of  providing  the  wires  and  electric  power. 

By  concert  between  the  Astronomer  Royal  and  the  several 
Electric  Telegraph  Companies,  the  Greenwich  local  time  is 
announced  at  certain  hours  of  the  day,  at  conspicuous  places 
in  different  parts  of  the  country,  so  that  navigators  who  happen 
to  be  in  any  of  our  ports  may  avail  themselves  of  these  means 
of  regulating  their  chronometers.  We  have  already  explained 
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the  method  of  giving  a  signal  daily  at  one  in  the  afternoon,  by 
the  fall  of  a  large  ball  upon  the  dome  of  the  Royal  Observatory 
at  Greenwich.  This  being  generally  visible  from  a  considerable 
extent  of  the  river  below  London-bridge,  masters  of  vessels 
observing  it  can  regulate  their  time-pieces  or  note  their  errors. 
This  system  of  signals  is  in  progress  of  extension.  By  means 
of  a  galvanic  clock  at  the  Observatory,  atid  the  conducting 
wires  which  connect  that  building  with  the  telegraph  station  at 
Lothbury,  hourly  signals  giving  accurately  Greenwich  .time  are 
transmitted  to  the  offices  of  the  company  at  Lothbury,  and  in 
the  Strand  near  Charing  Cross.  Similar  signals  are  trans- 
mitted several  times  a  day  to  Tunbridge,  Deal,  and  Dover  by 
the  wires  of  the^  South-Eastern  Company.  Signal  balls  are 
let  fall  over  the  dome  of  the  Telegraph  Office  in  the  Strand, 
the  same  instant  with  the  fall  of  the  ball  over  the  Greenwich 
Observatory.  Besides  this,  time-signals  are  transmitted  on  the 
wires  twice  a  day,  at  10  in  the  forenoon,  and  1  in  the  afternoon, 
directly  from  Greenwich  to  various  chief  stations  upon  the 
system  of  lines  of  the  Electric  Telegraph  Company. 

Erom  the  first  instant  of  the  laying  of  the  wires  connect- 
ing the  Greenwich  Observatory  with  the  stations  of  the  South- 
Eastern  Railway  Company  and  the  Telegraph  Companies,  it 
swas  evident  that  one  of  the  earliest  and  most  useful  applica- 
tions of  them  would  be  the  determination  of  the  longitudes  of 
several  of  the  principal  observatories  in  the  British  Isles  and  on 
the  Continent.  During  the  year  1853,  the  earliest  opportunities 
were  accordingly  taken  for  determining  the  longitudes  of  Cam- 
bridge, Edinburgh,  and  Brussels,  which  was  accomplished  with 
complete  success,  as  far  as  regards  the  galvanic  communications 
-and  the  observations  of  the  signals  at  all  the  observatories. 
Subsequently  the  longitude  of  Valentia,  in  Ireland,  the  most 
western  point  of  Europe,  was  accurately  determined  by  joining 
up  the  Magnetic  Telegraph  wires  between  London  and  that 
place,  a  distance  by  the  line  of  telegraph  of  nearly  900  miles. 

The  observatories  of  Greenwich,  Brussels,  and  Paris  are  now 
placed  in  direct  electric  connection  by  the  submarine  cables  be- 
tween Dover,  Calais,  and  Ostend,  to  the  great  advantage  and 
advancement  of  astronomical  science. 

In  the  routine  of  the  business  of  an  observatory,  the  astro- 
nomical clock  is  an  instrument  in  never-ceasing  use.  A  part 
of  almost  every  astronomical  observation  consists  in  noting 
with  the  last  degree  of  precision  the  moments  of  time  at  which 
certain  phenomena  take  place ;  and  so  great  is  the  degree  of 
perfection  to  which  the  art  of  observation  has  been  carried,  that 
well-practised  observers  are  able,  by  the  combination  of  a  quick 
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and  observant  eye  and  ear,  to  bisect  a  second,  and  even  to  ap- 
proach to  a  still  more  minute  division  of  that  small  interval. 
In  order  to  enable  the  reader  fully  to  appreciate  the  benefit 
which  the  telegraph  has  rendered  to  astronomy,  it  will  be 
necessary  here  briefly  to  explain  the  manner  in  which  this 
kind  of  observation  has  hitherto  been  made. 

To  determine  the  moment  at  which  the  visual  ray  proceeding 
from  a  celestial  object  has  some  definite  direction,  two  things 
are  necessary — 1st,  to  ascertain  the  direction  of  such  a  ray; 
and,  2ndly,  to  observe  the  time  when  it  has  such  direction. 
The  telescope,  with  its  accessories,  supplies  the  means  of  accom- 
plishing the  former,  and  the  astronomical  clock  the  latter. 

If  T  T'  (fig.   140)  represent  the  tube  of  a  telescope,  T  the 

Fig.  140. 
T'  T 
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extremity  in  which  the  object-glass  is  fixed,  and  T'  the  end 
where  the  images  of  distant  objects  to  which  the  tube  is  directed 
are  formed ;  the  visual  direction  of  any  object  will  be  that  of  the 
line  sf  c  drawn  from  the  image  of  such  object  formed  in  the  field 
of  view  of  the  telescope  to  the  centre  of  c  of  the  object-glass,  for 
if  this  line  be  continued,  it  will  pass  through  the  object  s. 

But  since  the  field  of  view  of  the  telescope  is  a  circular  space 
of  definite  extent,  within  which  many  objects  in  different 
directions  may  at  the  same  time  be  visible ;  some  expedient  is 
necessary  by  which  one  or  more  fixed  points  in  it  may  be  per- 
manently marked,  or  by  which  the  entire  field  may  be  spaced 
out  as  a  map  is  by  the  lines  of  latitude  and  longitude. 

This  is  accomplished  by  a  system  of  fibres  or  wires,  so  thin 
that  even  when  magnified  they  will  appear  like  hairs.  These 
are  extended  in  a  frame  fixed  within  the  eye-piece  of  the  tele- 
scope, so  that  they  appear  when  seen  through  the  eye-glass  like 
fine  lines  drawn  across  the  field  of  view. 

The  system  consists  commonly  of  five  or  seven  equidistant 
wires,  placed  vertically  at  equal  distances,  and  intersected  at 
their  middle  points  by  a  horizontal  wire,  as  represented  in  fig. 
141.  When  the  instrument  has  been  adjusted,  the  middle  wire 
ra  m'  will  be  in  the  plane  of  the  meridian,  and  when  an  object 
is  seen  upon  it,  such  object  will  be  on  the  celestial  meridian, 
and  the  wire  itself  may  be  regarded  as  a  small  arc  of  the 
meridian  rendered  visible. 

The  eye  of  the  observer  is  occupied  in  watching  the  progress 
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of  the  object  moving  over  the  wires  in  the  field  of  view  of  the 
telescope.      His  ear  is  occupied  in  noting  and  his  mind  in 
counting  the  successive  beats  of  the  pendulum,  which  in  all 
astronomical  clocks  is  so  constructed  as  to  produce  a  sufficiently 
loud  and  distinct  sound,  marking  the  close  of  each  successive 
second.   The  practised  observer  is  enabled 
with  considerable  precision  in  this  way  to 
subdivide  a  second,  and  to  determine  the 
moment  of  the  occurrence  of  a  pheno- 
menon within  a  small  fraction  of  that 
interval.     A  star,  for  example,  is  seen  to 
the  left  of  the  wire  m  m'  at  s,  fig.  141,  at 
one  beat  of  the  pendulum,  and  to  the 
right  of  it  at  s'  with  the  next.      The 
observer  estimates  with  great  precision 
the  proportion  in  which  the  wire  divides 
the  distance  between  the  points  s  and  s',  and  can  therefore 
determine  the  fraction  of  a  second  after  being  at  s,  at  which  it 
was  upon  the  wire  m  mf. 

The  fixed  stars  appear  in  the  telescope,  no  matter  how  high 
its  magnifying  power  be,  as  mere  lucid  points,  having  no 
sensible  magnitude.  By  the  diurnal  motion  of  the  firmament, 
the  star  passes  successively  over  all  the  wires,  a  short  interval 
being  interposed  between  its  passages.  The  observer,  just  before 
the  star  approaching  the  meridian  enters  the  field  of  view,  notes 
and  writes  down  the  hours  and  minutes  indicated  by  the  clock, 
and  he  proceeds  to  count  the  seconds  by  his  ear.  He  observes 
the  instant  at  which  the  star  crosses  each  of  the  wires;  and 
taking  a  mean  of  all  these  times,  he  obtains,  with  a  great 
degree  of  precision,  the  instant  at  which  the  star  passed  the 
middle  wire,  which  is  the  time  of  the  transit. 

By  this  expedient  the  result  has  the  advantage  of  as  many 
independent  observations  as  there  are  parallel  wires.  The 
errors  of  observation  being  distributed,  are  proportionately 
diminished. 

When  the  sun,  moon,  or  a  planet,  or  in  general  any  object 
which  has  a  sensible  disk,  is  observed,  the  time  of  the  transit  is 
the  instant  at  which  the  centre  of  the  disk  is  upon  the  middle 
wire.  This  is  obtained  by  observing  the  instants  at  which  the 
western  and  eastern  edges  of  the  disk  touch  each  of  the  wires. 
The  middle  of  these  intervals  are  the  moments  at  which  the 
centre  of  the  disk  is  upon  the  wires  respectively.  Taking  a 
mean  of  the  contact  of  the  western  edges,  the  contact  of  the 
western  edge  with  the  middle  wire  will  be  obtained;  and,  in 
like  manner,  a  mean  of  the  contacts  of  the  eastern  edge  will 
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give  the  contact  of  that  edge  with  the  middle  wire,  and  a  mean 
of  these  two  will  give  the  moment  of  the  transit  of  the  centre  of 
the  disk,  or  a  mean  of  all  the  contacts  of  both  edges  will  give 
the  same  result. 

By  day  the  wires  are  visible,  as  fine  black  lines  intersecting 
and  spacing  out  the  field  of  view.     At  night  they  are  rendered 
visible  by  a  lamp,  by  which  the  field  of  view  is  faintly  illu-  r 
minated. 

These  points  being  well  understood,  no  difficulty  will  be 
found  in  understanding  the  manner  in  which  the  telegraph  has 
conferred  vastly  increased  facility  and  precision  on  such  obser- 
vations. 

The  first  service  which  it  has  rendered  is  that  of  making 
all  the  clocks  in  the  observatory  absolutely  synchronous.  This 
has  been  already  accomplished  with  regard  to  the  solar  clocks, 
that  is,  those  which  indicate  mean  or  civil  time.  It  may  be, 
and  no  doubt  will  be,  also  accomplished,  with  still  greater 
advantage  to  science,  in  the  case  of  the  astronomical  clocks, 
that  is,  those  which  mark  sidereal  time.  The  several  observers, 
occupied  usually  in  different  rooms,  have  each  their  own  clock. 
Now,  however  perfect  may  have  been  the  workmanship  of  these 
clocks,  no  two  of  them  can  be  relied  upon  to  go  absolutely 
together  for  any  length  of  time ;  therefore,  one  of  the  duties  of 
the  observer,  and  of  the  conditions  of  good  observations,  is  to 
note  the  error  of  his  clock — that  is,  its  deviation  from  the 
standard  chronometer  of  the  observatory.  These  errors  are 
effaced  by  the  expedient  of  putting  all  the  clocks  in  the  obser- 
vatory in  electrical  connection,  so  that  the*  pendulum  of  the 
standard  chronometer  regulates  the  pulsations  of  the  current, 
and  these  pulsations  again  regulate  the  motion  of  all  the  other 
clocks. 

The  clocks  being  thus  reduced  to"  absolute  accordance,  the 
next  service  rendered  by  the  telegraph  to  the  astronomer  consists 
in  affording  the  means  of  ascertaining  the  instant  of  time  at 
which  any  celestial  object  passes  across  the  micrometer  wires, 
with  greater  facility  and  precision  than  were  attainable  by  the 
use  of  the  eye  and  ear  in  the  method  above  described. 

This  improved  method  of  observation  consists  in  a  key  com- 
mutator placed  under  the  hand  of  the  observer,  which  governs 
a  current  transmitted  to  an  electro-magnet,  connected  with  a 
style  placed  over  a  cylinder  coated  with  paper,  upon  which 
it  receives  a  puncture  when  it  is  driven  down  by  the  pulsation 
imparted  to  the  current  by  the  finger  of  the  observer  acting 
upon  the  key.  The  paper- covered  cylinder  is  kept  in  uniform 
revolution  at  any  desired  rate  by  clock-work,  and  another  style, 
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impelled  by  another  current  receiving  its  pulsations  from  the 
pendulum  of  the  chronometer,  is  driven  upon  the  paper  with 
each  beat  of  the  pendulum;  the  interval  between  two  successive 
marks  made  by  this  style  representing  one  sound  of  time. 

Now  let  us  suppose,  for  example,  that  by  the  motion  im- 
parted to  the  cylinder,  an  inch  of  the  paper  passes  in  each 
second  under  the  style.  The  style  moved  by  the  clock  will 
therefore  leave  a  succession  of  marks  upon  the  paper,  at  dis- 
tances of  an  inch  asunder.  But  the  particular  distance  of  these 
marks  is  unimportant,  nor  is  it  material  that  the  cylinder 
should  be  moved  with  mathematical  precision.  If  its  motion 
for  the  short  interval  of  a  second  be  practically  uniform,  that 
will  suffice. 

When  the  object,  a  star  for  example,  approaches  the  field  of 
view,  the  observer,  with  his  eye  to  the  telescope,  holds  his 
finger  over  the  key.  He  sees  the  star  enter  the  field  and  ap- 
proach the  first  wire.  The  moment  it  crosses  the  wire,  he 
presses  down  the  key,  and  the  style  gives  a  puncture  to  the 
paper  on  the  cylinder.  In  the  same  manner,  when  the  star 
crosses  the  second  and  succeeding  wires,  he  again  and  again 
presses  on  the  key,  and  thus  leaves  as  many  distinct  marks  on 
the  paper  as  there  are  wires. 

After  the  observation  thus  made  has  been  concluded,  the 
marks  on  the  paper  are  examined,  and  their  distances  from  the 
preceding  and  following  marks  made  by  the  pendulum  style  are 
exactly  measured,  from  which  is  inferred  the  fractional  part  of 
a  second,  between  the  moment  at  which  the  star  crossed  each  of 
the  wires,  and  the  last  beat  of  the  pendulum. 

In  this  way  the  time  of  the  transit  is  ascertained  to  the  hun- 
dredth part  of  a  second. 

The  Astronomer  Royal,  noticing  this  method  of  observing  in 
an  address  delivered  before  the  Eoyal  Astronomical  Society, 
said,  that,  "In  ordinary  transit  observations,  the  observer 
listens  to  the  beat  of  a  clock  while  he  views  the  heavenly  bodies 
passing  across  the  wires  of  the  telescope  :  and  he  combines  the 
two  senses  of  hearing  and  sight  (usually  by  noticing  the  place 
of  the  body  at  each  beat  of  the  clock)  in  such  a  manner  as  to  be 
enabled  to  compute  mentally  the  fraction  of  the  second  when 
the  object  passes  each  wire,  and  he  then  writes  down  the  time 
in  an  observing- book.  In  these  new  methods  he  has  no  clock 
near  him,  or  at  least  none  to  which  he  listens  :  he  observes  with 
his  eye  the  appulse  of  the  object  to  the  wire,  and  at  that  instant 
he  touches  an  index, -or  key,  with  his  finger;  and  this  touch 
makes,  by  means  of  a  galvanic  current,  an  impression  upon 
some  recording  apparatus  (perhaps  at  a  great  distance),  by 
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which  the  fact  and  the  time  of  the  observation  are  registered. 
He  writes  nothing,  except  perhaps  the  name  of  the  object 
observed." 

He  further  observed  that  it  was  expected  that  by  this  method 
the  irregularities  of  observation  would  be  greatly  diminished ; 
whether  because  the  sympathy  between  the  eye  and  the  finger 
is  more  lively  than  between  the  eye  and  the  ear,  remains  to  be 
determined. 

It  is  worthy  of  remark  also,  that  punctures  can  be  made 
upon  the  same  revolving  barrel  by  observers  employed  at  two 
or  more  instruments  erected  in  different  rooms,  by  means  of 
keys  or  commutators,  which  complete  the  circuit  from  the  same 
battery  to  the  same  puncturing-point.  All  necessity  for  com- 
paring clocks  is,  of  course,  avoided. 

Some  difficulties  occurred  at  first  in  imparting  to  the  cylinder 
a  sufficiently  smooth  and  equable  motion,  the  motion  given  by 
common  clock-work  being  always  one  made  by  starts  like  that 
of  the  seconds'  hand  of  a  pendulum.  It  was  to  surmount  this 
difficulty  that  the  Astronomer  Eoyal  proposed  the  substitution 
of  the  centrifugal  pendulum  (resembling  the  governor  of  a 
steam-engine)  for  the  ordinary  oscillating  pendulum.  In  the 
report  of  the  Astronomical  Society,  it  was  announced  that, 
"  The  various  difficulties  which  occurred  from  time  to  time  in 
the  mechanism  of  the  barrel  or  smooth-motion  clock,  used  for 
giving  motion  to  the  cylinder  on  which  will  ultimately  be  re- 
corded the  transits  made  with  the  transit-circle  and  altazimuth, 
according  to  the  American  method  of  self-registration,  have 
been  overcome.  It  now  carries  the  cylinders  put  in  connection 
with  it  with  perfect  regularity,  its  rate  having  all  desirable 
steadiness." 
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CHAPTER  XVIII. 

TELEGRAPH  STATISTICS. 

199.  English  telegraph  rates,  &c.,  contrasted  with  those  of  Switzerland,  Bel- 
gium, and  other  countries. — 200.  Mileage  and  number  of  stations  in 
the  United  Kingdom. — 201.  European  mileage  and  stations. — 202. 
American  mileage,  rates,  &c. — 203.  The  telegraph  to  California  and 
Vancouver's  Island,  and  projected  extension  by  Behring's  Straits  to  join 
the  Russian  telegraphs  in  Asia. — 204.  Fire,  police,  and  waterworks 
wires. — 205.  Belgian  lines. — 206.  French  lines.— 207. — Austro- 
Germanic Union. — 208.  Swisslines. — 209.  Italian  lines.— 210.  Other 
lines,  and  Summary. 

199.  THE  rates  charged  for  transmission  of  messages  in  the 
United  Kingdom  were  at  first  fixed  upon  a  very  high  scale ; 
but  upon  the  advantage  of  this  means  of  communication  be- 
coming more  and  more  recognised  by  the  public,  the  tariff  was 
lowered  from  time  to  time. 

The  Electric  Telegraph  Company,  whose  lines  were  first 
opened  in  1847,  at  the  outset  derived  the  greater  part  of  their 
profits  from  contracts  with  railways  for  the  construction  and 
maintenance  of  railway  telegraphs,  under  Messrs.  Cooke  and 
Wheatstone's  patents. 
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The  Magnetic  and  British  Companies  commenced  four  years 
afterwards,  and  amalgamated  subsequently  as  the  British  and 
Irish  Magnetic  Telegraph  Company.  Their  land  lines  were 
linked  up  to  the  cables  of  the  Submarine  Telegraph  Company, 
which  was  the  first  to  effect  submarine  communication  with 
Europe. 

While  the  Magnetic  and  Submarine  Companies  have  thus  ex- 
tended to  France,  Belgium,  Hanover,  and  Denmark;  the  Electric 
Company,  on  the  other  hand,  have  access  to  the  Continent  by 
means  of  their  cables  to  Holland. 

In  1861,  the  United  Kingdom  Company  also  erected  a  series 
of  lines  between  some  of  the  principal  towns  of  the  kingdom, 
and  a  shilling  rate  was  tried  by  the  three  companies  for  nearly 
four  years ;  but  being  found  unremunerative,  a  distance  tariff 
was  again  resorted  to  in  July,  1865,  which  still  remains  in  force. 
The  following  is  the  scale,  taken  "  as  the  crow  flies"  : — 

Twenty  words  (address  up  to  nine  words  not  counted)  to 

any  distance  not  exceeding  100  miles  .  .  .Is.  Od. 
Do.  beyond  100,  and  within  200  miles  .  .  .  .  Is.  6d. 
Do.  beyond  200  miles  .  .  •  ••-•'.  .  2s.  Qd. 

This  scale  is  very  similar  to  the  rates  in  France,  Prussia,  &c. 
The  message  charge  in  France  is  one  franc  between  two  places 
in  the  same  department,  or  two  francs  between  two  places  in 
different  departments.  The  franc  rate  does  not,  therefore, 
on  an  average,  allow  a  message  to  be  sent  more  than  about 
fifty  miles.  As  the  addresses  are  counted  and  charged  for  on 
the  French  system,  the  English  rates,  on  an  average,  allow 
senders  an  advantage  over  those  of  France. 

In  Switzerland,  the  internal  rate  is  a  franc,  but  the  distances 
are  so  small  that  the  average  of  messages  would  fall  within  the 
100-mile  radius ;  and  as  the  same  system  of  counting  addresses 
is  followed,  the  charge  is  practically  about  the  same  as  in  this 
country. 

Belgium  for  some  time  adopted  the  franc  rate,  but  has 
recently  introduced  an  internal  half- franc  rate,  which  doubtless 
proves  a  great  boon  to  the  inhabitants  of  that  country,  though 
not  likely  to  yield  a  profit  to  the  State.  The  distances  in 
Belgium  are,  however,  very  small,  and  the  great  majority  of 
messages  must  come  within  forty  or  fifty  miles.  Both  Switzer- 
land and  Belgium  derive  great  part  of  their  receipts  from 
international  (or  through)  messages  passing  to  and  from  other 
countries,  and  upon  which  they  charge  a  much  higher  rate  than 
is  applied  to  the  internal  traffic.  The  Swiss  returns  for  1865 
give  the  following  results  : — 
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NO. 

Internal  messages  .     .     364,118  881,378fr.  Ifr.  12c. 

International     .     ...     196,377  345,186fr.  Ifr.  75c. 

The  total  number  of  messages  was,  therefore,  560,495,  pro- 
ducing 726,564  francs.  The  expenses  of  working  and  main- 
taining the  Swiss  lines  for  1865  amounted  to  657,533  francs; 
so  that  the  receipts  from  internal  messages,  apart  from  the 
international  traffic,  would  amount  to  but  little  more  than  half 
the  expenses. 

The  same  remarks  apply  to  the  Belgian  telegraphs,  where 
considerable  profits  have  been  derived  from  the  large]  amounts 
charged  upon  the  international  messages. 

In  France  the  telegraph  has  been  worked  at  a  heavy  loss  up 
to  the  present  time.  The  French  budget  for  1862  showed  the 
loss  at  that  time  .to  be  at  the  rate  of  120,000?.  per  annum,  but 
this  has  been  somewhat  reduced  latterly.  As  many  of  the 
continental  telegraph  systems  are  worked  in  connection  with 
the  Post  Office  departments,  it  is  difficult  to  arrive  at  any 
reliable  figures  as  to  the  expenses  connected  with  the  wires  and 
stations.  There  is  no  doubt,  however,  that  the  minor  stations 
may  be  worked  in  connection  with  the  local  post-offices  much 
more  economically  than  when  separately  established,  as  in  this 
country. 

From  comparisons  instituted,  it  is  found  that  the  telegraphic 
communication  in  the  United  Kingdom  is  far  more  regular, 
rapid,  and  correct  than  those  of  other  countries.  The  per- 
centage of  errors  is  exceedingly  small ;  and  a  very  large  pro- 
portion arise  from  the  indistinct  writing  of  the  senders,  who  are 
frequently  excited  or  hurried  in  preparing  their  communica- 
tions, and  hence  write  carelessly.  In  many  cases  the  addresses 
given  are  insufficient  or  incorrect,  and  notwithstanding  the 
companies'  efforts,  the  messages  in  such  cases  frequently  cannot 
be  delivered.  When  this  happens,  the  senders  are  communi- 
cated with,  if  they  can  be  found,  and  better  addresses 
obtained. 

By  far  the  greater  proportion  of  the  complaints  received  from 
the  public  relate  to  messages  transmitted  over  foregn  lines,  and 
especially  to  stations  in  Turkey,  India,  Spain,  and  Portugal ; 
where  the  local  telegraphic  arrangements  are  most  imperfect, 
coupled  with  an  inefficient  staff. 

In  this  country,  as  might  be  anticipated,  the  service  is  worst 
done  at  the  minor  railway  stations,  where  it  would  not  pay  the 
telegraph  companies  to  place  a  special  clerk,  and  at  which  the 
apparatus  is  worked  by  the  railway  company's  staff  for  the  con- 
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venience  of  those  resident  in  the  locality.  Complaints  are 
scarcely  ever  made  in  connection  with  the  lines  worked  by  the 
trained  staff  of  the  telegraph  companies. 

200.  The  following  statistics,    showing  the  progress  of  the 
telegraphs  in  the  United  Kingdom,  may  prove  interesting  : — • 


Miles  of 

Miles  of 

No.  of 

No.  of 

Line. 

Wire. 

Stations. 

Messages. 

1850 

1,684 

6,730 

180 

29,245 

1855 

7,649 

38,028 

586 

882,360 

1860 

10,854 

51,556 

1,032 

1,863,839 

1865 

16,066 

77,440 

1,882 

4,650,231 

During  the  past  year,  1866,  the  number  of  stations  open  in 
the  United  Kingdom  will  have  amounted  to  nearly  2000,  and 
the  number  of  internal  messages  (exclusive  of  those  to  and 
from  foreign  countries),  transmitted  for  the  public  will  have 
exceeded  five  millions. 

It  will  be  seen  that  the  successive  reductions  of  rates  and  ex- 
tension of  lines  have  vastly  increased  the  number  of  messages ; 
but,  notwithstanding  this,  the  accounts  of  the  companies  show 
that  the  lines  would  not  have  yielded  any  fair  return  upon 
their  outlay  if  it  had  not  been  for  the  receipts  from  foreign 
messages,  and  contributions  in  the  shape  of  rents  for  wires  and 
apparatus  from  railways,  and  from  the  Press  for  news  trans- 
mission. 

In  support  of  this,  The  London  District  Telegraph  may  be 
instanced ;  the  wires  of  which  radiate  to  all  the  suburbs  of  the 
Metropolis,  and  have  been  worked  at  a  very  low  tariff  scale  of 
fourpenny  and  sixpenny  messages  for  the  last  seven  years. 
Notwithstanding  the  great  facilities  this  has  afforded  for  com- 
municating between  nearly  200  stations  in  and  about  London, 
the  company  has  not  been  able  to  make  any  profits,  although 
the  number  of  messages  on  its  wires  have  increased  from  74,000 
in  1660,  to  316,000  in  1865. 

In  contrasting  the  operations  of  the  Telegraph  and  the  Post 
Office,  it  should  be  borne  in  mind  that  each  message  engages  a 
wire  for  an  appreciable  time  and  requires  a  separate  messenger 
to  deliver  it ;  and  also,  that  each  length  of  telegraph  requires  a 
staff  to  look  after,  repair,  and  renew  it  from  time  to  time. 

201.  It  will  be  seen  from  the  following  table  of  the  number 
of  stations  open  in  foreign  countries  at  the  end  of  1866  that 
this  country  contrasts  favourably  as  regards  accommodation  to 
the  public : 
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Stations. 

France 1,550 

Austria 837 

Belgium 288 

Spain 215 

Norway 70 

Sweden 121 

Denmark      ...  55 


Stations. 

Prussia 822 

Italy 558 

Switzerland      ....  244 

Russia 185 

Portugal 82 

Turkey 78 

Algeria  and  Tunis      .     .  54 


Besides  these,  other  German  States,  including  Baden,  Wurtem- 
burg,  Bavaria,  Saxony,  Hanover,  Holland,  &c.,  number  1023 
^stations. 

The  total  number  of  telegraph  offices  open  on  the  Continent 
is,  therefore,  6182;  and,  adding  those  of  this  country,  the 
European  system  comprises  slightly  over  8000  stations  in 
communication  with  one  another  by  means  of  about  85,000 
miles  of  line,  with  230,000  miles  of  wire. 

202.  In  the  United  States,  owing  to  the  great  distances 
between  important  towns,  and  the  consequent  slowness  of  postal 
-communication,  the  telegraph  made  very  rapid  progress.  By 
1852  there  had  been  erected  24,375  miles  of  wire.  To  1854, 
41,392  miles,  and  at  the  end  of  1859  about  55,000  miles.  During 
the  four  years  of  civil  war  in  the  States,  the  progress  of  the 
telegraph  was  in  a  great  measure  suspended;  but  since  then  it 
has  again  made  rapid  strides,  and  at  the  present  time  the  wire 
mileage  is  about  the  same  as  in  this  country,  and  the  mileage 
of  line  much  greater. 

At  first  the  American  lines  were  worked  by  a  number  of  small 
independent  companies,  each  owning  400  or  500  miles  of  telegraph. 
Many  of  them  did  not  pay,  and  it  was  soon  discovered  that  the 
mere  local  traffic  was  not  profitable,  and  required  to  be  supple- 
mented by  through  messages.  After  a  few  years  the  lines,  which 
had  been  in  many  cases  hastily  erected,  required  heavy  repairs, 
which  some  of  the  companies  could  not  well  afford.  These  cir- 
cumstances led  to  amalgamation  in  many  cases,  and  a  general 
union  of  interests  between  the  companies.  The  rates,  which 
were  unremuneratively  low  on  some  of  the  lines,  were  then 
adjusted.  At  present  the  tariff  in  the  United  States  is  nearly 
twice  as  much  for  a  message  of  ten  words  as  it  would  cost  to 
send  one  of  twenty  words  in  this  country.  Thus,  between  New 
York  and  Boston  the  charge  for  ten  words  is  60  cents,  or  2s.  6d. ; 
and  to  Baltimore  70  cents,  or  2s.  lid.  Both  these  places  are 
about  the  same  distance  as  between  Liverpool  and  London,  on 
which  the  charge  for  twenty  words  is  Is.  6d.  Again,  the 
charge  from  New  York  to  Portland  is  90  cents,  or  3s.  Qd.t 
while  the  rate  in  this  country  for  twice  the  number  of  words 
transmitted  a  similar  distance  is  2«. 

B  2 
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203.  Stupendous  as  have  been  the  projects  actually  realised 
in  this  application  of  science  to  the  social  uses  of  the  United 
States,  the  extension  to  California,  about  2400  miles  in  length 
from  the  Mississippi  across  the  wildernesses  of  prairie  land,  is 
perhaps  the  most  remarkable.  This  line,  projected  and  sur- 
veyed in  1850,  and  brought  before  Congress  in  1851,  was  com- 
pleted and  opened  a  few  years  ago.  It  is  carried  to  the 
southward,  in  order  to  avoid  the  snow  and  ice  of  the  northern 
route  over  the  Sierra  Nevada,  by  the  way  of  the  South  Pass, 
crossing  the  Sierra  Nevada  Mountains  in  latitude  39°.  The 
whole  distance  from  the  Mississippi  to  San  Francisco  is  about 
2,400  miles. 

In  a  commercial  point  of  view,  the  line  became  of  great 
importance,  not  only  as  a  means  of  communication  between 
the  opposite  extremes  of  a  single  country,  but  as  the  channel 
for  imparting  knowledge  between  distant  parts  of  a  vast  con- 
tinent. With  the  previous  postal  transmission  it  required 
months  to  convey  information  from  the  sunny  climes  of  the 
East  to  the  less  favoured,  in  point  of  climate,  but  not  less 
important  regions  of  the  West,  teeming  as  they  do  with  the 
products  of  art  and  enterprise.  On  this  line  of  wires  being 
established,  the  Pacific  and  Atlantic  Oceans  became  as  one, 
and  intelligence  is  now  conveyed  from  London  to  San  Francisco 
in  a  shorter  time  than  is  required  to  transmit  a  letter  between 
Liverpool  and  London. 

"Nor  does  the  importance  of  the  undertaking  claim  less 
interest  when  regarded  in  a  social  point  of  view.  California 
is  being  peopled  daily  and  hourly  by  our  friends,  our  kindred, 
and  our  political  brethren.  The  little  bands  that  a  few  centuries 
since  landed  on  the  western  shores  of  the  Atlantic,  have  now 
become  a  mighty  nation.  The  tide  of  population  has  been 
rolling  onward,  increasing  as  it  approached  the  setting  sun, 
until  at  length  our  people  look  abroad  upon  the  Pacific,  and  have 
their  homes  almost  within  sight  of  the  spice  groves  of  Japan. 
Although  separated  from  us  by  thousands  of  miles  of  distance, 
they  will  be  again  restored  to  us  in  feeling,  and  still  present  to 
our  affections,  through  the  help  of  this  noiseless  tenant  of  the 
wilderness." 

This  line  now  links  up  Vancouver's  Island,  and  by  this  means 
our  colonists  at  Yictoria  were  enabled  to  send  their  greetings 
through  the  Atlantic  Cable  after  it  was  opened  in  August  last. 

Mr.  Collins,  acting  for  one  of  the  American  telegraph  com- 
panies, is  now  busily  engaged  in  endeavouring  to  carry  out  a 
line  from  British  Columbia  to  Behring's  Straits,  and  thence 
over  Asiatic  Russia  to  the  Amoor  Eiver  in  Asia,  to  which  the 
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Eussian  telegraph  has  already  been  extended.  If  this  gap  of 
6,500  miles  is  filled  up,  the  belt  of  wire  will  then  completely 
encircle  the  globe. 

204.  The  application  of  the  electric  telegraph  is  not  confined 
to  the  transmission  of  messages  from  one  part  of  the  States  to 
another :  in  the  form  of  a  local  or  municipal  telegraph,  it  is 
employed  as  an  important  instrument  of  regulation  and  intel- 
ligence in  the  internal  administration  of  towns. 

No  adaptation  of  the  system  can  be  more  interesting  and 
useful  than  that  which  is  made  for  the  purpose  of  conveying 
signals  of  alarm  and  intelligence  in  the  case  of  fire. 

This  system  was  very  completely  developed  in  Boston  about 
twelve  years  ago. 

The  city  is  divided  into  seven  districts,  each  provided  with  a 
powerful  alarm  bell.  Every  district  contains  several  stations, 
varying  in  number  according  to  its  size  and  population.  There 
are  altogether  in  the  seven  districts  forty-two  stations.  All 
these  stations  are  connected  with  a  chief  central  office,  to  which 
intelligence  of  fire  is  conveyed,  and  from  which  the  alarm  is 
given ;  two  telegraph  wires  are  employed,  a  return  wire  being 
used  to  complete  the  circuit,  and  provide  as  completely  as 
possible  against  accidental  interruption  or  confusion. 

At  each  of  the  forty-two  stations,  which  are  placed  at  in- 
tervals of  100  rods  throughout  the  city,  there  is  erected  in  some 
conspicuous  position  a  cast-iron  box  containing  the  apparatus 
for  conveying  intelligence  to  the  central  office.  The  box  is 
kept  locked,  but  the  key  is  always  to  be  found  in  the  custody  of 
some  person  in  the  neighbourhood,  whose  address  is  painted  on 
the  box  door. 

On  opening  this  door,  access  is  gained  to  a  handle  which  is 
directed,  by  a  notice  painted  above  it,  to  be  turned  slowly 
several  times.  The  handle  turns  a  wheel  that  carries  a  certain 
number  of  teeth,  arranged  in  two  groups,  the  number  of  teeth 
in  one  representing  the  district,  in  the  other,  the  station ;  those 
teeth  act  upon  a  signal  key,  closing  and  breaking  the  circuit 
connected  with  the  central  office,  as  many  times  as  there  are 
teeth  in  the  wheel.  Signals  are  thus  conveyed  to  the  central 
office,  and,  by  striking  the  signal  bell  a  certain  number  of 
times,  the  district  and  station  from  which  the  signal  is  made  is 
indicated. 

An  attendant  is  always  on  the  watch  at  the  central  office,  and 
on  his  attention  being  called  to  the  signals  by  the  striking  of  a 
large  call  bell,  he  immediately  sets  in  motion  his  alarm  appa- 
ratus, and  by  depressing  his  telegraph-key,  causes  all  the  alarm 
bells  of  the  seven  districts  to  toll  as  many  times  in  quick  sue- 
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cession  as  will  indicate  the  district  where  the  fire  has  occurred, 
the  alarm  being  repeated  at  short  intervals  for  as  long  a  time  as 
may  be  necessary. 

The  signal-boxes  erected  at  the  stations  contain,  in  addition 
the  signal-handle,  a  small  electro-magnet,  an  armature,  and  a 
signal-key,  so  that  full  and  particular  communications  can  bo 
made  between  each  box  and  the  central  station,  the  clicks  of  the 
armature  forming  audible  signals. 

By  this  system  certain  information  is  given  to  the  central 
office  at  the  earliest  possible  moment  of  the  exact  locality  in 
which  a  fire  may  have  broken  out,  and  the  alarm  is  immediately 
spread  over  the  entire  city. 

Every  one  who  is  aroused  by  the  alarm,  is  enabled  to  tell  at 
once  whether  interest  or  duty  calls  him  to  the  scene  of  action, 
and  the  exact  point  to  which  assistance  is  summoned.  Should 
the  alarm  be  given  in  the  night,  those  whose  attention  is 
awakened  may  ascertain,  from  the  tolling  of  the  bell,  the  precise 
quarter  in  which  danger  threatens,  and  should  they  have  been 
needlessly  disturbed,  may  rest  in  peace,  and  find,  in  the  know- 
ledge that  they  and  theirs  at  least  are  in  safety,  a  consolation 
for  broken  slumbers. 

The  Police  Offices  and  Fire  Brigade  Stations  are  now  brought 
into  communication  with  one  another,  both  in  London  and 
Liverpool,  by  somewhat  similar  arrangements ;  and  Waterworks 
have  also  found  it  desirable  to  have  the  telegraph,  to  give 
notice  directly  any  leakage  shows  itself  along  the  main  line  of 
pipes,  or  in  reservoirs  at  a  distance. 

BELGIAN  TELEGEAPH  LINES. 

205.  Although  in  the  extent  of  its  territory  Belgium  is  one  of 
the  least  considerable  of  the  Continental  States,  it  derives  from 
its  position  in  relation  to  this  country,  much  importance,  so  far 
as  regards  telegraphic  communications.  By  the  submarine 
cable  between  Dover  and  Ostend,  or  failing  that,  by  the  cable 
between  Dover  and  Calais,  Belgium  constitutes  the  most  direct 
telegraphic  route  to  the  Ehine  district  and  centre  of  Germany. 

The  Belgian  telegraph  lines,  as  well  as  the  railways,  are  con- 
structed, maintained,  and  administered  by  the  State.  Separate 
systems  of  conducting- wires  are  appropriated  to  the  service  of 
the  railways,  which  is  performed  exclusively  with  the  alpha- 
betical apparatus  of  M.  Lippens,  already  described  (loo). 
There  are  a  few  exceptional  cases  on  branch  lines  of  railway,  upon 
which  the  State  has  not  yet  constructed  telegraphs  for  the  public 
service,  where  private  despatches  are  sent  by  the  railway  tele- 
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graphs,  but  generally  an  extensive  system  of  independent  wires, 
with  their  accessories,  are  adapted  to  this  purpose,  for  which  a 
large  corps  of  telegraphists  has  been  formed. 

The  gross  annual  receipts  to  the  end  of  1864  had  been  suffi- 
cient, after  defraying  the  working  expenses  and  cost  of  the 
lines,  to  leave  a  profit  of  48,240Z.  upon  the  14  years'  working  to 
that  date. 

Immediately  on  the  completion  of  the  submarine  cable  be- 
tween Dover  and  Ostend,  an  active  daily  intercourse  between 
London  and  Brussels  commenced,  and  has  since  been  sustained. 
The  connections  were  completed  on  the  20th  of  June,  1853,  and 
on  the  27th  of  the  same  month  111  despatches  were  interchanged 
between  the  two  capitals. 

It  is  proposed  to  construct  wires  and  apparatus  sufficient  to 
maintain  the  communications  on  this  important  line,  so  that 
even  with  the  greatest  pressure  of  business,  the  public  shall  not 
have  reasonable  ground  of  complaint  on  account  of  delay.  "  A 
telegraphic  line,"  observes  the  Minister  of  Public  Works, 
"  should  not  be  organised  with  the  mere  powers  which  suffice 
for  the  ordinary  or  average  business,  but  should  be  such  as  to 
meet  the  exigencies  of  occasional  pressure,  without  subjecting 
the  public  to  delay,  or  interrupting  other  regular  business. 
Besides  which,  it  ought  never  to  be  forgotten,  that  in  telegraphic 
business  great  pressure  must  always  come  at  particular  hours, 
when  prompt  expedition  is  indispensable.  This  will  be  easily 
understood  in  the  business  of  the  Belgian  lines,  which  constitute 
the  route  upon  which  the  quotations  of  the  money  markets  of 
all  the  great  centres  of  affairs — London,  Paris,  Amsterdam, 
Berlin,  Antwerp,  &c. — are  transmitted  at  certain  hours." 

The  business  transacted  by  the  Belgian  telegraphs  consists 
of  three  classes  of  despatches  : — 

HOME  DESPATCHES,  being  those  transmitted  between  two- 
Belgian  stations. 

INTERNATIONAL  DESPATCHES,  being  those  between  a  Belgian 
and  foreign  station. 

FOREIGN  DESPATCHES,  being  those  transmitted  through  Bel- 
gium in  passing  between  two  foreign  stations. 

Of  these  three  classes  of  telegraphic  business,  the  second  has 
proved  to  be  the  greatest  in  number,  and  the  third  the  most 
productive. 

It  appears  that  a  very  large  proportion  of  the  despatches 
transmitted  and  received  in  Belgium,  are  interchanged  with 
foreign  countries,  or  matter  passing  en  route  between  foreign 
places.  Nearly  half  the  gross  amount  received  for  telegraphic 
despatches  has  been  produced  by  despatches  transmitted  between 
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foreign  stations,  and  only  passing  en  route  through  Belgium. 
This  is  explained  by  the  fact  that  such  despatches  passing 
always  from  frontier  to  frontier,  and  in  the  majority  of  cases 
from  Ostend  to  the  Prussian  frontier,  the  entire  length  of  the 
kingdom,  pay  for  the  longest  class  of  telegraphic  distance.- 
This  is  one  of  the  advantages  which  the  Belgian  telegraph 
derives  from  the  geographical  position  of  the  country. 

To  show  the  proportion  in  which  the  telegraphic  service 
is  shared  by  different  subjects  of  correspondence,  we  shall  take 
the  following  classified  subjects  of  despatches  : — 


Number. 

Per  cent, 
of  Total. 

Commerce     . 
Money  market 
Private 
Press       .... 
Government 

3247 
1566 
754 
116 
116 

56 
27 
13 
2 

2 

Total 

5799 

100 

In  relation  to  length  the  proportion  was  as  follows  : — 


From    1  to    20  words  . 
From  21  to    50  words 
From  51  to  100  words  . 
Above  100  words      .         .     . 

Total 

Number. 

Per  cent, 
of  Total. 

4741 
921 
122 
15 

81-8 
15-9 
21 
0-2 

5799 

100-0 

Thus  it  appears  that  commerce  and  the  Stock  Exchange 
supply  83  per  cent,  of  the  whole  telegraphic  business,  13  per 
cent,  being  personal  and  domestic,  and  the  Press  and  Govern- 
ment each  employing  the  insignificant  proportion  of  one  despatch 
in  every  fifty. 

It  is  also  apparent  that  a  very  small  proportion  of  the  de- 
spatches exceed  the  length  of  twenty  words,  and  almost  none 
that  of  fifty  words. 

The  large  proportion  of  international  and  foreign  despatches 
transmitted  upon  the  Belgian  wires,  and  the  necessity  of  pre- 
payment for  despatches,  in  all  cases,  to  their  ultimate  destina- 
tions, rendered  it  necessary  for  the  Belgian  administration  of 
telegraphs  to  make  some  general  arrangement  with  the  prin- 
cipal contiguous  states,  for  such  an  interchange  of  corres- 
pondence. 
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The  tariff  for  single  messages  crossing  the  Channel,  by  the 
Ostend  submarine  cable,  is  4s.  to  London,  or  5s.  to  any  station 
beyond  London. 

From  1850  to  1862  the  internal  tariff  was  1^  franc.  Prom 
1862  to  1865,  1  franc;  and  since  1865,  half  a  franc. 

At  the  stations  on  the  Belgian  lines  the  Morse  telegraph,  as 
used  in  the  German  States,  is  provided. 

The  Belgian  lines  receive  and  transmit  despatches  written,  at 
the  option  of  the  sender,  either  in  French,  German,  or  English, 
at  all  the  principal  Belgian  stations. 

Despatches  transmitted  between  Holland  and  Belgium  can 
be  transmitted  and  received  in  Dutch,  and  all  despatches 
between  Belgian  stations  may  be  sent  in  Flemish.  At  all 
stations  despatches  are  transmitted  and  received  in  French. 

The  number  of  internal  messages  has  increased  from  about 
80,000,  in  1860,  to  332,700  in  1865. 

FRENCH  TELEGRAPHIC  LINES. 

206.  The  French  system  is  everywhere  erected  upon  posts 
chemically  injected  to  insure  their  durability,  and  there  are 
nowhere  less  than  two  conducting  wires  ;  but  a  greater  number 
between  all  stations  where  an  active  correspondence  is  main- 
tained. 

The  instruments  used  for  the  transmission  of  despatches  are 
on  the  Morse  system.  A  few  of  Hughes' s  printing  instruments 
have  recently  been  introduced,  and  are  worked  on  some  of  the 
principal  circuits  from  Paris. 

The  French  telegraphic  lines  communicate  with  those  of 
England  at  Calais,  Boulogne,  and  Dieppe  by  three  distinct 
submarine  cables,  containing  altogether  sixteen  wires ;  with 
those  of  Belgium  at  Lille  and  Douai;  with  those  of  Prussia 
and  Northern  Germany,  at  Metz;  with  the  Rhenish  States, 
Wirtemberg,  Bavaria,  and  Austria,  at  Strasburg;  with  those 
of  Switzerland,  at  Mulhouse  and  Macon,  the  former  communi- 
cating with  Bale,  and  the  latter  with  Geneva;  with  those  of 
Savoy  and  Piedmont  at  Grenoble ;  and,  in  fine,  with  those  of 
Spain  at  Bayonne;  and  thus  the  lines  are  continued  to  the 
Spanish  frontier,  and  lines  of  wire  now  extend  to  all  the  princi- 
pal places  in  Spain  and  Portugal. 

In  practice  the  transmission  of  despatches  is  not  always  so 
direct  as  it  would  appear  to  be  upon  the  inspection  of  a 
telegraphic  map.  Thus,  by  the  three  submarine  cables,  Paris 
is  in  permanent  direct  communication  with  London.  But 
when  it  is  desired  to  transmit  a  despatch  from  Paris  to  any 
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of  the  provincial  towns  of  England,  the  despatch  is  at  present 
received  and  written  down  at  the  central  station  in  London, 
and  then  repeated  and  transmitted  to  the  place  of  its  destina- 
tion in  the  provinces.  This  repetition  could  of  course  bo 
avoided,  by  uniting,  in  the  London  station,  the  wire  from 
Paris  with  the  wire  leading  to  the  provincial  station  to  which 
the  despatch  is  addressed,  and  if  the  despatch  were  one  of 
extraordinary  length,  this  course  would  be  the  most  expedi- 
tious ;  but  to  adopt  it  with  the  ordinary  class  of  short  messages, 
would  involve  much  inconvenience  and  more  delay  in  general 
than  is  incurred  in  its  repetition  and  retransmission.  Thus,  to 
send  each  message  direct  to  its  destination  in  the  provinces, 
it  would  be  necessary  that,  previously  to  the  transmission 
from  Paris,  notice  should  be  transmitted  to  London  to  connect 
the  Paris  wires  with  those  between  London  and  the  place 
of  destination,  and  as  this  change  would  have  to  be  made 
separately  for  every  provincial  message,  and  as  the  wires  be- 
tween London  and  the  various  provincial  stations  must  neces- 
sarily be  occupied,  more  or  less,  at  all  times,  in  the  transmission 
of  home  correspondence,  the  business  of  transmission  in  this 
direct  manner  would  not  only  be  far  more  dilatory  than  the 
process  of  repetition,  but  would,  in  fact,  at  busy  times  of  the 
day,  be  totally  impracticable. 

What  has  been  here  stated  respecting  the  Paris  and  London 
line  will  be  applicable,  mutatis  mutandis,  not  only  to  all  in- 
ternational messages,  but  in  many  cases  to  messages  trans- 
mitted between  home  stations,  which  it  is  often  more  con- 
venient and  expeditious  to  repeat  and  retransmit  at  certain 
intermediate  stations  than  to  send  direct  by  the  connection  of 
the  wires  at  those  stations. 

The  French  Government  has  carefully  organised  the  ad- 
ministration of  the  telegraphs  throughout  its  entire  territory, 
and  besides  modifying  and  reducing  the  tariff  from  time  to  time, 
it  has  placed  the  whole  upon  a  more  efficient  footing.  It  now 
constitutes  an  important  department  of  the  state,  placed  under 
the  superintendence  of  a  director-general,  four  inspectors- 
general,  twelve  chief  directors,  and  a  hundred  inspectors.  The 
director-general,  established  in  Paris,  holds  his  office  under  the 
Minister  of  the  Interior,  and  has  authority  over  all  the  inferior 
functionaries.  The  four  inspectors-general  control  and  direct 
under  him  the  entire  telegraphic  service  throughout  the  empire. 
These  inspectors,  aided  by  scientific  men  nominated  from  timo 
to  time  by  the  Minister,  form  a  superior  council,  charged  to 
consider  and  decide  upon  all  improvements  proposed  to  be  made 
in  the  processes,  or  in  the  telegraphic  apparatus. 
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The  telegraphic  lines  are  distributed  into  distinct  systems  or 
sections,  over  which  the  chief  directors  preside,  so  as  to  inspect  r 
direct,  and  by  communication  with  the  inspectors-general  and 
director-general,  to  centralise  the  service. 

The  hundred  inspectors  will  each  be  charged  with  the  direc- 
tion of  one  or  more  stations,  and  will  have  under  their  authority 
deputy  station-masters,  telegraphists,  surveyors,  artisans,  and 
labourers,  charged  with  the  maintenance  of  the  apparatus,  the 
conducting  wires,  posts,  and  all  the  accessories  of  the  line. 

In  all  chief  places,  the  bureaux  will  be  open  night  and  day. 
The  number  of  stations  open  on  1st  November,  1853,  was  only 
78 ;  and  at  the  end  of  1866,  no  less  than  1550. 

The  posts,  a  large  proportion  of  which  had  not  sufficient 
magnitude  and  strength  to  bear  the  necessary  number  of  wires, 
have  been  everywhere  replaced  by  others  of  suitable  dimensions, 
and  the  telegraphists  are  augmented  in  number,  and  measures 
taken  to  ensure  their  efficiency. 

ATJSTEO-GERMANIC  TELEGRAPHIC  UNION. 

207.  The  electric  telegraph  had  not  been  long  in  operation  in 
the  German  States  before  it  became  apparent  that  great  incon- 
venience and  much  obstruction  to  the  progress  of  correspon- 
dence arose  from  different  states  adopting  different  telegraphic 
instruments  and  signals.  The  difficulties  arising  from  this 
cause  became  at  length  so  great  as  to  demand  prompt  and 
effectual  remedy.  A  telegraphic  congress  was  accordingly 
convened  at  Yienna,  in  October,  1851,  at  which  deputies  from 
all  the  German  States  attended ;  and  after  a  full  discussion  of 
the  subject,  it  was  resolved  to  form  an  Austro-Germanic  Tele- 
graphic Union.  This  union  includes  all  the  states  of  Europe 
east  and  north  of  the  Ehine.  It  was  agreed  that  a  common, 
system  of  telegraphic  instruments  and  symbols  should  be 
adopted  throughout  all  the  associated  states,  and  that  Morse's 
telegraph,  with  its  receiving  magnets,  registers,  and  uniform 
alphabet,  should  be  everywhere  used,  so  that  telegraphic  com- 
munication might  at  all  times  be  made  between  any  two  stations 
of  the  Union  without  the  delay  and  inconvenience  of  translating 
despatches  at  intermediate  stations  from  one  system  of  tele- 
graphic symbols  into  another. 

Despatches  are  transmitted  and  received  at  all  the  station* 
of  the  Union,  either  in  German  or  French.  They  are  also 
transmitted  and  received  in  English  at  such  of  the  chief  stations 
as  are  found  by  experience  to  have  frequent  communication 
with  this  country. 
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Notwithstanding  the  dense  population  and  active  commerce 
of  the  kingdom  of  the  Netherlands,  its  limited  territory  has 
rendered  a  very  small  telegraphic  net-work  sufficient  for  its 
purposes. 

They  are  connected  at  the  Hague  by  ten  submarine  wires 
with  the  English  lines,  at  Antwerp  with  those  of  Belgium,  and 
at  Arnheim  with  those  of  the  German  Union. 

Despatches  are  received  in  German  and  French  at  all  the 
stations,  and  in  English  at  the  principal  bureaux. 


THE    SWISS   TELEGRAPHS. 

208.  The  natural  difficulties  opposed  to  the  construction  of 
railways  in  Switzerland  did  not  offer  such  serious  impediments 
to  the  construction  of  telegraphic  lines,  an  extensive  net- work 
of  which  has  been  constructed  and  brought  into  operation. 
Thus  Berne  is  connected  with  the  French  lines  by  wires  to 
Besan9on,  and  with  the  German  lines  at  Bale.     Lausanne  is 
connected  with  Besan9on  by  an  independent  line,  and  also  with 
Berne  on  one  side  and  Geneva  on  the  other.     Geneva  is  also 
connected  with  the  French  system  at  Macon,  and  with  that  of 
Savoy  at  Aix,  from  whence  a  line  of  wires  is  carried  across 
Mont  Cenis  to  Turin. 

From  Lausanne  the  wires  are  earned  by  Vevay  and  Sion 
through  the  Yalais  to  the  foot  of  the  St.  Gothard,  across  which 
they  are  continued  by  Bellinzona  to  Milan. 

Another  line  passes  from  Bale  by  Lucerne,  Glaris,  and  Coire, 
to  the  Spliigen,  which  it  crosses,  and  is  carried  to  meet  the 
former  line  at  Bellinzona,  and  thence  to  Milan. 

Another  line  from  Bale  passes  by  Zurich  and  St.  Gal  to 
Innspruck,  from  whence  it  passes  by  Batzen  and  Trente  to 
Verona,  and  by  Salzburg  and  Linz  to  Vienna. 

ITALIAN  TELEGRAPHIC  LOTOS. 

209.  Italy  is  put  in  electric  connection  with  the  more  northern 
countries  of  Europe  at  six  points,  Nice,  Mont  Cenis,  the  St. 
Gothard,  the  Spliigen,  the  Tyrolese  Alps,  through  Innspruck, 
and  by  Trieste. 

The  French  and  Swiss  lines  are  connected  with  Turin  by  the 
wires  over  Mont  Cenis  already  mentioned ;  the  Swiss  and 
Rhenish  lines,  with  Milan,  by  the  wires  over  the  St.  Gothard, 
and  the  Spliigen  and  the  Austrian  and  Bavarian  lines  by  the 
wires  over  the  Tyrolese  Alps,  and  those  from  Trieste  round 
the  shores  of  the  Gulf  of  Venice. 
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Prom  Venice  to  Milan  a  line  is  carried  by  Verona  and  Brescia, 
which  is  continued  to  Turin.  From  this  line  there  are  two 
branches  going  southwards,  one  from  Verona  by  Mantua,  Parma, 
Modena,  Lucca,  Leghorn,  and  Florence;  thence  the  wires 
stretch  southwards  to  Borne,  Naples,  and  the  principal  southern 
Italian  towns  ;  and  are  linked  up  with  those  of  Sicily  by  means 
of  a  short  submarine  cable  across  the  Straits  of  Messina.  A 
cable  laid  in  1859  connects  the  Sicilian  telegraphs  with  Malta, 
and  thence  with  Alexandria  in  Egypt. 

OTHER  uiras. 

210.  Extensive  systems  of  telegraph  are  also  erected  through- 
out Turkey,  Persia,  India,  and  Australia.  New  Zealand,  the 
Cape  of  Good  Hope,  and  the  various  States  in  South  America 
have  also  availed  themselves  of  the  wires ;  so  that  at  the  present 
time  it  may  be  said  that  wherever  there  is  civilization,  there 
also  may  be  found  the  telegraph.  In  round  figures,  the  world  is 
now  overspread  by  about  160,000  miles  of  line,  comprising 
400,000  miles  of  wire,  working  between  nearly  14,000  stations, 
and  giving  employment  to  a  staff  of  probably  40,000  persons. 
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ACCIDENTS,  prevention  of  railway,  233 

Acoustic  telegraph,  Bright's,  144 

Alphabetical  telegraphs,  164 

American  insulation  of  lines,  63  ;  free 
use  of  wires,  241 ;  mileage,  rates,  &c. , 
259 

Anderson,  engaged  in  Atlantic  expedi- 
tion, 124,  130 

Anecdotes  of  use  of  telegraph,  225,  233 

Anglo-Indian  line,  97 

Anti-corrosive  coating  for  cables,'  101 

Apprehension  of  criminals,  234 

Astronomer-Royal,  experiments,  139 

Astronomical  observations  aided  by 
telegraphic  record,  249 

Atlantic  telegraph,  108 

Australian  telegraphs,  107 

Austro-Germanic  Union,  266 

BAIN,  electro-chemical  recording  instra- 
ment,  159 

Bakewell,  copying  instrument,  162 

Bartholomew,  disc  railway  instrument, 
215 

Batteries,  voltaic,  45;  special  use  of 
each  kind,  55 

Belgian  lines  and  statistics,  256,  262 

Bells,  electric,  29 

Bonelli,  electro-chemical  printing  in- 
strument, 193 

Boys;  his  organisation  of  press  tele- 
graphy, 237,  240 

Breguet,  angle  indicator,  147;  alpha- 
betical instrument,  173 

Brett,  Dover  and  Calais  (first  subma- 
rine) cable,  79 ;  Atlantic  telegraph, 
109 ;  Italy  and  Corsica  cable,  88 

Bright,  insulation,  6'0 ;  lightning  pro- 
tectors, 66 ;  method  of  discovering 
faults,  75;  Spanish  telegraphs,  92; 
Persian  Gulf  cable,  99 ;  committee  on 
Indian  communications,  105;  China 
and  Australia,  106;  experiments  on 
long  circuits,  109  ;  Atlantic  telegraph, 
111  ;  magnetic  telegraph,  144  ;  acous- 
tic telegraph,  145 

Bunsen,  battery,  54 

CABLES,  submarine,  78 

Canning,  paying-out  machine,  117;  i  lay- 
ing Atlantic  cables,  114,  123 ;  recovery 
of  lost  Atlantic  cable,  132 

Carmichael,  Dover  and  Calais  (first  sub- 
marine) cable,  79 

Caselli,  copying  telegraph,  163 

Celerity  of  transmission,  217 

Chatterton,  gutta  percha  insulation,  70 ; 
intermediate  compound,  99  :  Atlantic 
cable,  116 


Chemical  property  of  electric  current,  38 
China  and  Australia,  projected  lines,  106 
Clark,    insulation,    60  ;    Red    Sea  and 
Indian  telegraph,  98  ;  joint  testing  by 
accumulation,  100  ;  report  on  Atlantic 
cable,  126,  experiments,  133 
Clifford,  paying-out  machine,  117  ;  lay- 
ing Atlantic  cables,  114 — 123  ;  recovery 
of  lost  Atlantic  cable,  132 
Clock  regulation  by  electricity,  196 
Combination  of  voltaic  cells  in  battery, 

47 
Communication  between  passengers  and 

guard,  215 

Conducting  wires,  size,  &c.,  57 
Cooke,    early  experiments,   42 ;    union 
with  Professor  Wheatstone,  44 ;  insu- 
lation, 60;  double  and  single  needle 
telegraphs,   139 ;    use  of   patents  by 
Electric  Telegraph  Company,  256 
Crampton,  Dover  and  Calais  (first  sub- 
marine) cable,  79 
Cypher  messages,  245 

DANIEL'S  battery,  52 

Davy  (Marie),  battery,  50 

Deane,  Anglo-American  telegraph,  124 

Deflection  of  magnetic  needle,  16 

Double  needle  telegraph,  142 

Durability  of  submarine  cables,  93,  134 

EARLY  telegraphs,  39 
Earth,  circuit,  10 
Effects  produced  by  current,  16 
Electricity,  nature  of,  6 
Electro-magnet,  22 

English  telegraphs,  statistics,  &c.,  255 
Escapement  liberated  by  electricity,  27 
European  telegraph  lines  and  stations, 
258 

FIELD,  New  York  and  Newfoundland 
line,  109;  first  Atlantic  cable,  109; 
second  and  third  cables,  124,  132 

Fitzroy's  storm  warnings,  199 

French  insulators,  62;  lines,  tariffs, 
statistics,  &c.,  256,  265 

Frictional  electricity,  40 

Froment,  experiments  on  electrical  vi- 
bration, 25  ;  recording  telegraph,  157  ; 
alphabetical  telegraph,  184 

GALVANISING  telegraph  wire,  56 
Galvanometer,   20;   Thomson's  marine, 

121 
Gauss  and  Weber,  reflecting  telegraph, 

German  insulators,  65:  lines,  stations. 
&c.,  259,  267 
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Glass  and  Elliot,  making  cables,  Boulogne 

cable,  92  ;  Malta  and  Alexandria,  93  ; 

Cape  Breton  and  Newfoundland,  91  ; 

Hanover  and  Denmark,  92 ;   Atlantic 

cables,  111 ;  paying-out  machines,  117; 

laying  Atlantic  cables,  112 ;  recovery 

of  lost  Atlantic  cable,  132 
Gooch,  Anglo-American  expedition,  124 
Groves,  battery,  53 
Gutta-percha  insulation,  69 ;  desiccation 

of,  in  air,  71 

HARTNUP,  regulation  of  time  by  electric 

currents,  198 
Henley,  Spanish  and  Tasmanian  cables, 

92  ;  magnetic  needle  telegraph,  144 
Highton,  needle  telegraph,  143 
House,  printing  telegraph,  190 
Hughes,  printing  telegraph,  192 

INDIAN  telegraphs,  74,  97 
Induction,  magnetic,  32,  72 
Insulation,  57 
Insulators,  various,  59 

JONES,  regulation  of  clocks  by  electricity, 
196 

LARDNER,  5 

Laws,  Indian  Telegraph,  103 

Leverrier,  experiments,  5 


.     -    tele- 
graph, 247 

MAGNETO-ELECTRICITY,  principles  of,  32 
Magneto-electric  telegraph,  144 
Meteorological  telegrams,  1 99 
Mileage  of  lines  and  wires,  258,  269 
Moriarty,  Atlantic  expeditions,  130 
Morse,  early  experiments,  44 ;  recording 

telegraph,  152 
Municipal  telegraphs,  261 
Music  transmitted  by  telegraph,  225 
Musical   notes   produced   by  electrical 

vibration,  26 

NEEDLE  telegraphs,  20,  139 

Newall,  Holyhead  and  Howth  cable,  83 ; 

Belgian  cable,  85 ;    Irish  cables,  86  ; 

Holland  cable,  87  ;  Red  Sea  cable,  92  ; 

covering  Atlantic  cable,  1857,  111 

OVERGROUND  lines,  57 
Overhouse  wires,  71 

PAPER  marked  by  electro-chemical  ac- 
tion, 28 

Pendulum  regulation,  28,  196 
Persian  Gulf  Line  to  India,  97 
Political  use  of  wires,  243 
Pouillet,  electro-magnet,  22 
Preece's  railway  telegraph,  210 
Press,  use  of  telegraph,  237,  240,  247 
Printing  telegraphs,  189 
Pulsations  of  electric  current,  23 

RAILWAY  telegraphs,  204 
Recording  telegraphs,  152 


Recovery  of  lost  Atlantic  cable  in  1866, 

126     ' 
Reflecting  telegraph— Gauss  and  Weber, 

41 ;  Thomson's,  121 
Relays,  14 

SAWARD,    Secretary  of   Atlantic    Tele- 
graph Company,   111 ;  exertions  for 
Atlantic  cables,  116 
Secrecy  of  telegraph,  244 
Semaphore  of  Chappft,  39 :  railway  tele- 
graphs, 208 

Shackles  for  wires  (Bright's),  68 
Siemens'  alphabetical  telegraph,  173 
Signalling  by  electricity,   15 ;    by  bea- 
cons, 39  ;  by  cakes  (in  India),  39 
Single  needle  instrument,  139—142 
Smee  battery,  53 
Smith,  continuous  testing,  120 
Speed  of  electricity,  5  ;  of  various  tele- 
graph instruments,  220 
Spagnoletti,  disc  telegraph,  215 
Statham,  improvement  of  gutca  percha 

insulation,  70 
Statistics  of  mileage,  tariffs,  &c.,  255; 

of  submarine  cables,  80,  95 
Steinheil,  early  telegraph,  44 
Storm  warnings  by  telegraph,  200 
Subject  matter  of  messages,  230 
Submarine  cables,  78 ;  list  of,  80 ;  prin- 
ciples    of    construction,     93;     total 
length,  and  capital  invested,  95 ;  im- 
proved forms,  99,  116 ;  testing,  77,  100 
Swiss  telegraph  statistics,  &c.,  256,  268 

TARIFFS,  at  home  and  abroad,  255 
Telegraph  lines,  construction  of,  58 
Testing,  by  accumulation,  100  ;  position 

of  faults  from  a   distance   (Bright's 

method),  77 
Thomson,  reflecting  galvanometer,  121 ; 

transmitting  apparatus,  122  ;  Atlantic 

cable  expeditions,  115,  124,  132 
Timeballs,  electrical,  195 
Time,  regulation  of,  by  Jones's  method, 

196 

Train  signalling,  207 
Tver's  railway  telegraph,  215 

UNDERGROUND  wires,  68;  phenomena 
of,  72 

Varley,  sending  key,  134 
Velocity  of  electric  current,  6 — 14 
Vibrations  of  armature,  24 
Voltaic  battery,  principle  of,  7 ;  chemi- 
cal action  of,  12 

WALKER,  experiments  with  gutta 
percha,  70 ;  lightning  protector,  66  : 
railway  semaphore  telegraph,  208 ; 
classification  of  railway  messages,  230 

Watson,  early  experiments,  40 

Wheatstone,  experiments  on  velocity, 
14  ;  association  with  Mr.  Cooke,  44  ; 
double  and  single  needle  telegraphs, 
139  ;  alphabetical  instrument,  164 

Whitehouse,  experiments,  109;  signal- 
ling apparatus,  115 

WoUaston,  battery,  49—51 
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LARDNER'S  HANDBOOK  OF  ELECTRICITY, 

MAGNETISM,  and  ACOUSTICS.  New  Edition,  Seventh  Thousand. 
Edited  and  completed  to  1866  by  G.  C.  FOSTER,  B.A.,F.C.S.,  Professor 
of  Experimental  Physics  in  University  College,  London.  400  Illustra- 
tions. Small  8vo.  5s. 

"The  book  could  not  have  been  entrusted  to  anyone  better  calculated  to 
preserve  the  terse  and  lucid  style  of  Lardner,  while  correcting  his  errors,  and 
bringing  up  his  work  to  the  present  state  of  scientific  knowledge.  All  we  can 
say  of  the  Editors  actual  labours,  is,  that  he  has  added  much  new  matter  to  the 
old  text,  and  that  he  has  modified  some  of  Dr.  Lardner's  statements  in  accordance 
with  currently  accepted  doctrines  and  recent  investigations.  The  work  addresses 
itself  to  those  who,  without  a  profound  knowledge  of  Mathematics,  desire  to  be 
familiar  with  experimental  physics,  and  to  such  wo  especially  recommend  it."— 
Popular  Science  Review. 

UNIFORM  WITH  THE  ABOVE, — 

LARDNER'S  HANDBOOK  OP    MECHANICS.    357 

Illustrations.    5*. 

LARDNER'S     HANDBOOK     OF     PNEUMATICS, 

HYDROSTATICS,  and  HEAT.  .292  Illustrations.    5s. 

LARDNER'S  HANDBOOK  OF  OPTICS.   290  Illustra- 
tions.   5s. 

"  We  do  not,  indeed,  believe  it  possible  to  compile  treatises  bettor  adapted 
than  these  to  instruct  the  reader  in  all  that  can  be  learned  of  Natural  Philo- 
sophy, without  the  aid  of  abstruse  studies,  within  the  limits  which  the  author 
has  here  prescribed  to  himself. 

"  The  publication  of  the  four  volumes  of  this  Handbook,  written  by  one  of 
the  ablest  English  scientific  writers,  beautifully  and  elaborately  illustrated, 
and  well  bound,  for  Twenty  Shillings,  is  one  of  the  most  remarkable  literary 
circumstances  that  has  re  ently  come  under  our  notice." — Mechanics'  Magazine. 

%*  The  above  Four  Volumes  form  a  complete  course  of  Natural 
Philosophy. 

LARDNER'S  HANDBOOK  OF  ASTRONOMY.     Third 

Edition.  Revisedand  completed  to  1867  by  EDWIN  DUNKIN,  F.R.A.S., 
of  the  Royal  Observa  tory,  Greenwich.  With  37  Plates,  and  upwards  of 
100  Illustrations  on  Wood.  Complete  in  one  volume,  small  8vo.,  7*.  6d. 
cloth  elegant.  (Just  published.) 

"  This  and  the  preceding  volumes  of  Dr.  Lardner's  Handbook  occupy  a  remark- 
able place  in  literature.  While  on  the  one  hand  they  are  examples  of  the  extreme 
simplification  of  which  the  statement  of  the  laws  by  which  natural  phenomena 
are  regulated  is  capable,  on  the  other  they  are  illustrations  of  the  care  and  method 
with  which  the  true  philosopher  invariably  treats  the  truths  of  Science."— 
Mechanics'  Magazine. 

A   GUIDE  TO   THE   STARS.     In  Eight  Planispheres, 

showing  the  Aspect  of  the  Heavens  for  every  Night  in  the  Year.  With 
an  Explanatory  Introduction.  8vo.  5s. 


2  JAMES  WALTON,  137,  GOWER  STREET. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.     By  DR. 

LARDNER.    328  Illustrations.    Fourth  Edition.    One  Volume,  3*.  6tf.r 
cloth. 

"This  will  be  a  very  convenient  class-book  for  junior  students  in  private 
schools.  It  is  intended  to  convey,  in  clear  and  precise  terms,  general  notions  of 
all  the  principal  divisions  of  Physical  Science,  illustrated  largely  by  diagrams. 
These  diagrams  exhibit  the  forms  and  arrangement  of  apparatus,  and  the 
manner  of  performing  the  most  important  experiments." — British  Quarterly 
Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.    By  DIONY- 

SIDS  LARDNER,  D.C.L.  With.  190  Illustrations.  Second  Edition. 
1  Vol.  Large  12mo.  3*.  6d.,  cloth. 

"It  is  clearly  written,  well  arranged,  and  excellently  well  illustrated." — 
Gardeners'  Chronicle. 

POTTER'S  PHYSICAL  OPTICS;  OR  THE  NATURE 

AND  PROPERTIES  OF  LIGHT.  A  Descriptive  and  Experimental 
Treatise.  100  Cuts.  8vo.  6s.  6d. 

HENRY'S  GLOSSARY  OF  SCIENTIFIC  TERMS  FOR 

GENERAL  USE.    12mo.    3s.  6d, 

"  To  students  of  works  on  the  various  sciences,  it  can  scarcely  fail  to  be  of  much 
service.  The  definitions  are  brief,  but  are,  nevertheless,  sufficiently  precise  and 
sufficiently  plain ;  and  in  all  cases  the  etymologies  of  the  terms  are  traced  with 
care." — National  Society's  Monthly  Paper. 

COMMON    THINGS    EXPLAINED.      By    DIONYSIUS 

LARDNER,  D.C.L.  Containing;:  Air— Earth— Fire— "Water— Time— 
Ihe  Almanack — Clocks  and  Watches — Spectacles — Colour — Kaleido- 
scope—Pumps— Man— The  Eye— The  Printing  Press— The  Potter's 
Art — Locomotion  and  Transport — The  Surface  of  the  Earth,  or  First 
Notions  of  Geography.  (From  "The  Museum  of  Science  and  Art.") 
With  233  Illustrations.  5s.,  cloth  lettered. 

STEAM  AND  ITS  USES ;  including  the  Steam  Engine, 

the  Locomotive,  and  Steam  Navigation.  By  DIONYSIUS  LARDNER, 
D.C.L.  (From  "The  Museum  of  Science  and  Art.")  One  volume.  89 
Illustrations.  2s. 

POPULAR  GEOLOGY.    BY  DIONYSIUS  LARDNER,  D.C.L. 

(From  "  The  Museum  of  Science  and  Art.")  201  Illustrations.    2s.  6d. 

POPULAR   ASTRONOMY.      By  DIONYSIUS  LARDNER, 

D.C.L.  Containing :  How  to  Observe  the  Heavens — Latitudes  and 
Longitudes— The  Earth— The  Sun— The  Moon— The  Planets :  are  they 
Inhabited? — The  New  Planets — Leverrier  and  Adams's  Planet — The 
Tides— Lunar  Influences — The  Stellar  Universe — Light— Comets — 
Cometary  Influences— Eclipses — Terrestrial  Rotation — Lunar  Rotation 
— Astronomical  Instruments.  (From  "The  Museum  of  Science  and 
Art.")  182  Illustrations.  4*.  Qd. 

THE  MICROSCOPE.     By  DIONYSIUS  LARDNER,  D.C.L. 

(From  "The  Museum  of  Science  and  Art.")  One  Volume.  147 
Engravings.  2s. 
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DR.  HOFMANN'S    MODERN    CHEMISTRY,    Experi- 
mental and  Theoretic.    Many  Illustrations.    Small  8vo.    4s.  6d. 

"It  is  in  the  truest  sense  an  introduction  to  chemistry;  and  as  such  it  pos- 
sesses the  highest  value. -a  value  which  is  equally  great  to  the  student,  new  to 
the  science,  and  to  the  lecturer  who  has  spent  years  in  teaching  it." — Reader. 

"  It  is  a  clear  and  concise  explanation  of  the  most  recent  views  entertained  by 
modern  chemists,  and  of  the  experimental  process  by  which  they  are  supported. 
It  should  be  in  the  hands  of  every  young  student  of  the  science."— Quarterly 
Journal  of  Science. 

BARON  LIEBIG'S  WORKS. 

"  Side  by  side,  as  long  as  husbandry  shall  last,  will  these  three  names  shine  in 
co-equal  glory: — Antoine  Lavoisier,  Humphrey  Davy,  Justus  Liebig.  To  Lavoi- 
sier belongs  the  noble  initiation  of  the  work ;  to  Davy  its  splendid  prosecution  ; 
to  Liebig,  its  glorious  consummation.  Embracing  in  his  masterly  induction  the 
results  of  all  foregone  and  contemporary  investigation,  and  supplying  its  large 
defects  by  his  own  incomparable  researches,  Liebig  has  built  up  on  imperishable 
foundations,  as  a  connected  whole,  the  code  of  simple  general  law^  on  which 
regenerated  agriculture  must  henceforth  for  all  time  repose." — International  Exhi- 
bition Report,  1862. 

THE  NATURAL  LAWS  OF  HUSBANDRY.  8vo. 

10*.  6rf. 


The  Plant. 

The  Soil. 

Action  of  Soil  on  Food  of  Plants  in 

Manure. 

Farmyard  Manure. 
System  of  Farmyard  Manuring. 
Guano. 


Poudrette— Human  Excrements. 
Earthy  Phosphates. 
Ground  Rape-Cake. 
Wood-Ash. 

Ammonia  and  Nitric  Acid, 
Common  Salt,  Nitrate  of  Soda,  Salts  of 
Ammonia,  Gypsum,  Lime. 


FAMILIAR    LETTERS    ON    CHEMISTRY,  in   its 

Eelations  to  Physiology,   Dietetics,  Agriculture,   Commerce,   and 
Political  Economy.    Fourth  Edition,  Enlarged.    Small  8vo.    7s.  6c?. 

"  This  work  of  Baron  Liebig  is  one  of  those  books  from  which  the  mind 
desiring  healthy  philosophical  instruction  can  receive  it,  in  a  most  pleasant 
and  yet  most  perfect  form.  There  is  no  necessity  for  an  acquaintance  with 
all  the  intricacies  of  scientific  nomenclature  and  terminology  ;  with  a  moderate- 
amount  of  chemical  knowledge  as  a  basis,  no  man  of  ordinary  intellect  will 
rise  from  the  perusal  of  these  Letters  without  the  feeling  that  he  has  partaken 
of  a  wholesome  intellectual  feast." — British  Medical  Journal. 

LETTERS  ON  MODERN  AGRICULTURE.     Small 

8vo.    6*. 

HANDBOOK  OF  ORGANIC  ANALYSIS.  12mo.  5s. 
DR.    EDWARD    SMITH'S    PRACTICAL    DIETARY 

for  Families,  Schools,  and  the  Labouring  Classes.    Fourth  Thousand. 
Small  8vo.     3s. 

"  Dr.  Smith's  book  is  bj 

questions  connected  with  the  regulation  of  food, 
families." — Saturday  Review. 

"It  is  a  book  which  ought  to  be  found  in  every  household,  and  especially  in 
every  School  and  Parsonage." — Guardian. 

"Dr.  Smith  has,  we  consider,  done  a  national  service  by  the  publication  of  this 
book.  It  should  be  in  the  hands  of  every  medical  man,  and  we  know  of  no  work 
calculated  to  be  of  greater  use  to  those  who  are  desirous  of  improving  the  condi- 
tion of  the  lower  classes."— Edinburgh  Medical  Journal. 
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BUNSEN'S    GASOMETRY.     THE     LEADING 

Physical  and  Chemical  Properties  of  Gases,  together  with,  the  Methods 
of  Gas  Analysis.  By  Professor  BUNSEN.  Translated  by  Dr.  KOSCOE. 
8vo.  3s.  Qd.  cloth. 

IN  A  NEW  AND  ELEGANT  BINDING  FOR  A 
PRESENT. 

In  6  Double  Volumes,  handsomely  bound  in  cloth  with  gold  ornaments  and 
red  edges.    Price  £1.  Is. 

LARDNER'S    MUSEUM    OF    SCIENCE    AND    ART, 

containing :— The  Planets;  are  they  Inhabited  Worlds  ?— Weather 
Prognostics — Popular  Fallacies  in  Questions  of  Physical  Science — 
Latitudes  and  Longitudes — Lunar  Influences  —  Meteoric  Stones  and 
Shooting  Stars— Railway  Accidents — Light — Common  Things  :  Air — 
Locomotion  in  the  United  States— Cometary  Influences — Common 
Things:  Water— The  Potter's  Art— Common  Things:  Fire  — Loco- 
motion and  Transport,  their  Influence  and  Progress — The  Moon — 
Common  Things:  The  Earth— The  Electric  Telegraph— Terrestrial 
Heat  — The  Sun— Earthquakes  and  Volcanoes— Barometer,  Safety 
Lamp,  and  Whitworth's  Micrometric  Apparatus — Steam — The  Steam 
Engine — The  Eye — The  Atmosphere — Time — Common  Things :  Pumps 
— Common  Things :  Spectacles — The  Kaleidoscope — Clocks  and  Watches 
— Microscopic  Drawing  and  Engraving — Locomotive — Thermometer — 
New  Planets  :  Leverrier  and  Adams's  Planet — Magnitude  and  Minute- 
ness— Common  Things:  The  Almanack — Optical  Images — How  to 
Observe  the  Heavens — Common  Things :  The  Looking  Glass — Stellar 
Universe — The  Tides — Colour — Common  Things:  Man — Magnifying 
Glasses — Instinct  and  Intelligence — The  Solar  Microscope — The  Camera 
Lucida — The  Magic  Lantern — The  Camera  Obscura — The  Microscope — 
The  White  Ants :  their  Manners  and  Habits— The  Surface  of  the  Earth, 
or  First  Notions  of  Geography— Science  and  Poetry — The  Bee — Steam 
Navigation — Electro-Motive  Power  —  Thunder,  Lightning,  and  the 
Aurora  Borealis — The  Printing  Press — The  Crust  of  the  Earth — Comets 
— The  Stereoscope — The  Pre- Adamite  Earth — Eclipses — Sound. 

"  The  '  Museum  of  Science  and  Art'  is  the  most  valuable  contribution  that  has 
ever  been  made  to  the  Scientific  Instruction  of  every  class  of  society." — Sir  David 
Breicster  in  the  North  British  Review. 

"  The  whole  work,  bound  in  six  double  volumes,  costs  but  the  price  of  a  keep- 
sake ;  and  whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the 
charm  of  the  writing,  or  the  durable  interest  of  the  matter,  we  must  express  our 
belief  that  there  is  hardly  to  be  found  among  the  new  books  one  that  would  be 
welcomed  by  people  of  so  many  ages  and  classes  as  a  valuable  present." — 
Examiner. 

%*  The  Work  may  also  be  had  in  12  Single  Volumes,  ISs.,    Ornamental 
Boards,  or  handsomely  Half-bound  Morocco,  6  Volumes,  £1  11s.  6d. 
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PHILADELPHIA,  1876, 
THE    PRIZE    MEDAL 

"\Vas  awarded  to  the  Publishers  for 

Books :  Budimentary,  Scientific, 

"WEALE'S  SERIES,"  ETC, 


A  NEW   LIST   OF 

WEALE'S    SERIES 

RUDIMENTARY  SCIENTIFIC,  EDUCATIONAL, 
AND  CLASSICAL. 

Comprising  nearly  Three  Hundred  and  Fiftv  distinct  works  in  almost  every  de- 
partment of  Science,  Art,  and  Education,  recommended  to  the  notice  of  Engineers, 
Architects,  Builders,  Artisans,  and  Students  generally,  as  well  as  to  those  interested 
in  Workmen* 's  Libraries,  Literary  and  Scientific  Institutions,  Colleges,  Schools, 
Science  Classes,  &»£.,  &*c. 

IS3  "  WEALE'S  SERIES  includes  Text-Books  on  almost  every  branch  of 
Science  and  Industry,  comprising  such  subjects  as  Agriculture,  Architecture 
and  Building,  Civil  Engineering,  Fine  Arts,  Mechanics  and  Mechanical 
Engineering,  Physical  and  Chemical  Science,  and  many  miscellaneous 
Treatises.  The  whole  are  constantly  undergoing  revision,  and  new  editions, 
brought  up  to  the  latest  discoveries  in  scientific  research,  are  constantly 
issued.  The  prices  at  which  they  are  sold  are  as  low  as  their  excellence  is 
assured." — American  Literary  Gazette. 

"  Amongst  the  literature  of  technical  education,  WEALE'S  SERIES  has  ever 
enjoyed  a  high  reputation,  and  the  additions  being  made  by  Messrs.  CROSBY 
LOCKWOOD  &  Co.  render  the  series  even  more  complete,  and  bring  the  infor- 
mation upon  the  several  subjects  down  to  the  present  time." — Mining 
Journal. 

"It  is  impossible  to  do  otherwise  than  bear  testimony  to  the  value  of 
WEALE'S  SERIES." — Engineer. 

"Everybody — even  that  outrageous  nuisance  'Every  Schoolboy' — knows 
the  merits  of  '  WEALE'S  RUDIMENTARY  SERIES.'  Any  persons  wishing  to 
acquire  knowledge  cannot  do  better  than  look  through  Weale's  Series  and 
get  all  the  books  they  require.  The  Series  is  indeed  an  inexhaustible  mine 
of  literary  wealth."— The  Metropolitan. 

"  WEALE'S  SERIES  has  become  a  standard  as  well  as  an  unrivalled 
collection  of  treatises  in  all  branches  of  art  and  science." — Public  Opinion. 


LONDON,   1862, 
THE  PRIZE  MEDAL 

"Was  awarded  to  the  Publishers  of 

"WEALE'S  SERIES." 


CROSBY    LOCKWOOD    &    CO,, 

7,  STATIONERS'  HALL  COURT,  LUDGATE  HILL,  LONDON,  E.G. 


WEALE  S    RUDIMENTARY   SERIES. 


WEALE'S  RUDIMENTARY   SCIENTIFIC   SERIES. 


***  The  volumes  of  this  Series  are  freely  Illustrated  with 
Woodcuts,  or  otherwise,  where  requisite.  Throughout  the  fol- 
lowing List  it  must  be  understood  that  the  books  are  bound  in 
limp  cloth,  unless  otherwise  stated  ;  but  the  volumes  marked 
with  a  t  may  also  be  liad  strongly  bound  in  cloth  boards  for  6d. 
extra. 

N.B. — In  "ordering  from  this  List  it  is  recommended,  as  a 
means  of  facilitating  business  and  obviating-  error,  to  quote  the 
numbers  affixed  to  the  volumes,  as  well  as  the  titles  and  prices. 


Xo       ARCHITECTURE,  BUILDING,  ETC. 

'16.'  ARCHITECTURE—  ORDERS— The  Orders  and  their  ^Esthetic 
Principles.    By  W.  H.  LEEDS.    Illustrated,     is.  6d. 

17.  ARCHITECTURE— STYLES— The  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest   to  the 
Present  Period.     By  T.  TALBOT  BURY,  F.R.I. B.A.,  &c.     Illustrated,     zs. 
***  ORDERS  AND  STYLES  OF  ARCHITECTURE,  in  One  Vol.,  3*.  6d. 

18.  ARCHITECTURE— DESIGN— The    Principles    of   Design    in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  tho 
Greek  and  Gothic  Architects.  By  E.  L.  GARBETT,  Architect.  Illustrated.  2s. 
*>*  The  three  preceding   Works,   in   One    handsome    Vol.,  half   bound,    entitled 
"  MODERN  ARCHITECTURE,"  price  6s. 

22.  THE  ART  OF  BUILDING,  Rudiments  of.     General  Principles 

of  Construction,  Materials  used  in  Building,  Strength  and  Use  of  Materials, 
Working  Drawings,  Specifications,  and  Estimates.  By  E.  DOBSON,  2s.J 

23.  BRICKS  AND  TILES,  Rudimentary  Treatise  on  the  Manufac- 

ture of;  containing  an  Outline  of  the  Principles  of  Brickmaking.  By  EDW. 
DOBSON,  M.R.I.B.  A.  With  Additions  by  C.  ToMLixsox,F.R.S.  Illustrated,  35.! 
25.  MASONRY  AND  STONECUTTING,  Rudimentary  Treatise 
on  ;  in  which  the  Principles  of  Masonic  Projection  and  their  application  to 
the  Construction  of  Curved  Wing- Walls,  Domes,  Oblique  Bridges,  and 
Roman  and  Gothic  Vaulting,  are  concisely  explained.  By  EDWARD  DOBSOX, 
M.R.I.B.A.,  &c.  Illustrated  with  Plates  and  Diagrams.  .  as.  6d.* 

44.  FOUNDATIONS  AND  CONCRETE  WORKS,  a  Rudimentary 

Treatise  on  ;  containing  a  Synopsis  of  the  principal  cases  of  Foundation 
Works,  with  the  usual  Modes  of  Treatment,  and  Practical  Remarks  on 
Footings,  Planking,  Sand,  Concrete,  Beton,  Pile-driving,  Caissons,  and 
Cofferdams.  By  E.  DOBSON,  M.R.I.B. A.,  &c.  Fourth  Edition,  revised  by 
GEORGE  DODD,  C.E.  Illustrated,  is.  6d. 

42.  COTTAGE  BUILDING.     By  C.    BRUCE   ALLEN,  Architect. 

Ninth  Edition,  revised  and  enlarged.    Numerous  Illustrations,     is.  6d. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

PLASTERING,  &c.    By  G.  R.  BURNELL,  C.E.    Eleventh  Edition,     is.  6d. 
57.   WARMING  AND    VENTILATION,   a  Rudimentary  Treatise 
on  ;  being  a  concise  Exposition  of  the  General  Principles  of  the  Art  of  Warm- 
ing and  Ventilating  Domestic   and  Public  Buildings,  Mines,  Lighthouses, 
Ships,  &c.    By  CHARLES  TOMLINSON,  F.R.S.,  &c.    Illustrated.    35. 
83**.  CONSTRUCTION  OF  DOOR  LOCKS.      Compiled  from  the 
Papers  of  A.  C.  HOBBS,  Esq.,  of  New  York,  and  Edited  by  CHARLES  TOM- 
LIXSON,  F.R.S.    To  which  is  added,  a  Description  of  Fenby's  Patent  Locks, 
and  a  Note  upon  IRON  SAFES  by  ROBERT  MALLET,  M.I. C.E.     Illus.    2s.  6d. 
ill.  ARCHES,  PIERS,  BUTTRESSES,  &c. :  Experimental  Essays 
on  the  Principles  of  Construction  in  ;  made  with  a  view  to  their  being  useful 
to  the  Practical  Builder.    By  WILLIAM  BLAND.     Illustrated,     is.  6d.  • 
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116.  THE  ACOUSTICS  OF  PUBLIC  BUILDINGS;  or,  The 
Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the'Architect  and 
Builder.  By  T.  ROGER  SMITH,  M.R.I. B.A.,  Architect.  Illustrated,  is.  6d. 
124.  CONSTRUCTION  OF  ROOFS,  Treatise  on  the,  as  regards 
Carpentry  and  Joinery.  Deduced  from  the  Works  of  ROBISON,  PRICE,  and 
TREDGOLD.  Illustrated,  is.  6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  of. 

By  T.  A.  RICHARDSOX,  Architect.     Illustrated,     is.  6d. 

128.  VITRUVIUS—THE     ARCHITECTURE      OF     MARCUS 

VITRUVIUS  POLLO,  In  Ten  Books.  Translated  from  the  Latin  by 
JOSEPH  GWILT,  F.S.A.,  F.R.A.S.  With  23  Plates.  55. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  Beauty  in  ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.     By  the  EARL  OF  ABERDEEN,    is. 
***  The  two  preceding  Works  in  One  handsome  Vol.,  half  bound,  entitled  " ANCIENT 

.  ARCHITECTURE,"  price  6s. 

16,  17,  18,  128,  and  130,  in  One  Vol.,  entitled  "  ANCIENT  AND  MODERN  ARCHIIEC- 
TURE,"  half  bound,  izs. 

132.  DWELLING-HOUSES,  a  Rudimentary  Treatise  on  the  Erection 

of.  Illustrated  by  a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a 
pair  of  Semi-detached  Villas,  with  the  Specification,  Quantities,  and  Esti- 
mates, and  every  requisite  detail,  in  sequence,  for  their  Construction  and 
Finishing.  By  S.  H.  BROOKS,  Architect.  New  Edition,  with  Plates.  2S.  6d.J 

156.  QUANTITIES  AND  MEASUREMENTS,  How  to  Calculate  and 
Take  them  in  Bricklayers',  Masons',  Plasterers',  Plumbers',  Painters',  Paper- 
hangers',  Gilders',  Smiths',  .Carpenters',  and  Joiners'  Work.  By  A.  C. 
BEATON,  Architect  and  Surveyor.  New  and  Enlarged  Edition,  lllus.  is.  6d. 

175.  LOCK  WOOD  &  CO:S  BUILDERS  AND  CONTRACTORS 
PRICE  BOOK,  for  1880,  containing  the  latest  Prices  of  all  kinds  of  Builders' 
Materials  and  Labour,  and  of  all  Trades  connected  with  Building  :  Lists  of 
the  Members  of  the  Metropolitan  Board  of  Works,  of  Districts,  District 
Officers,  and  District  Surveyors,  and  the  Metropolitan  Bye-laws.  Edited  by 
FRANCIS  T.  W.  MILLER,  Architect  and  Surveyor.  35.  6d.  ,•  half  bound,  45. 

182.  CARPENTRY  AND  JOINERY—  THE  ELEMENTARY  PRIN- 
CIPLES OF  CARPENTRY.  Chiefly  composed  from  the  Standard  Work  of 
THOMAS  TREDGOLD,  C.E.  With  Additions  from  the  Works  of  the  most 
Recent  Authorities,  and  a  TREATISE  ON  JOINERY  by  E.  WYNDHAM 
TARN,  M.A.  Numerous  Illustrations.  35.  6d.J 

182*.  CARPENTRY  AND  JOINERY.      ATLAS  of  35  Plates  to 
accompany  the  foregoing  book.     With  Descriptive  Letterpress.    4to.    6s. 
cloth  boards,  75.  6d. 

187.  HINTS  TO   YOUNG  ARCHITECTS.    By  GEORGE  WIGHT- 

.  WICK.   New,  Revised,  and  enlarged  Edition.    By  G.  HUSKISSON  GUILLAUME, 
Architect.      With  numerous  Woodcuts.    35.  6d.J 

1 88.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING:  A  Practical  Manual  of,  containing  full  information  on  the 
Processes  of  House-Painting,  the  Formation  of  Letters  and  Practice  of 
Sign- Writing,  the  Principles  of  Decorative  Art,  a  Course  of  Elementary 
Drawing  for  House-Painters,  Writers,  &c.,  &c.  With  9  Coloured  Plates  of 
Woods  and  Marbles,  and  nearly  150  Wood  Engravings.  By  ELLIS  A. 
DAVIDSON.  Second  Edition,  carefully  revised.  53.  cloth  limp  ;  6s.  cloth 
boards. 

189.  THE    RUDIMENTS    OF    PRACTICAL    BRICKLAYING. 

In  Six  Sections  :  General  Principles  ;  Arch  Drawing,  Cutting,  and  Setting  ; 
Pointing ;  Paving,  Tiling,  Materials ;  Slating  and  Plastering ;  Practical 
Geometry,  Mensuration,  &c.  By  ADAM  HAMMOND.  Illustrated,  is.  6d. 
191.  PLUMBING.  A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of 
the  Plumber.  With  Chapters  upon  House  Drainage,  embodying  the  latest 
Improvements.  Second  Edition,  enlarged.  Containing  300  Illustrations. 
By  W.  P.  BUCHAN,  Sanitary  Engineer.  33.  6d.J  \Jit$t  published . 

The  %  indicates  that  these  vols.  may  be  had  strongly  bound  at  6d.  extra. 
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192.  THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANTS, 
and  BUILDER'S  STANDARD  GUIDE  ;  comprising  copious  and  valu- 
able Memoranda  for  the  Retailer  and  Builder.  By  RICHARD  E.  GRANDY. 
Second  Edition,  Revised.  35. t 

205.  THE  ART  OF  LETTER  PAINTING  MADE  EASY.      By 

J.  G.  BADENOCH.    Illustrated  •with  12  full-page  Engravings  of  Examples,   is. 

[Just  published. 

206.  A  BOOK  ON  BUILDING,   Civil  and  Ecclesiastical,   including 

CHURCH  RESTORATION.    With  the  Theory  of  Domes  and  the  Great  Pyramid, 
and   Dimensions  of  many  Churches   and   other   Great   Buildings.    By   Sir 
EDMUND  BECKETT,  Bart.,  LL.D.,  Q.C.,  F.R.A.S.,  Chancellor  and  Vica 
General  of  York.     Second  Edition,  enlarged,  45.  6d.$         [Jiist  published. 

CIVIL   ENGINEERING,    ETC. 

13.  CIVIL  ENGINEERING,  the  Rudiments  of.  By  HENRI- 
LAW,  C.E.,  and  GEORGE  R.  BURNELL,  C.E.  New  Edition,  much  enlarged 
and  thoroughly  revised  by  D.  KINNEAR  CLARK,  C.E.  [Nearly" ready. 

29.  THE  DRAINAGE  OF  DISTRICTS  AND  LANDS.  '  By  G. 

DRYSDALE  DEMPSEY,  C.E.  [New  Edition  in  preparation. 

30.  THE  DRAINAGE   OF  TOWNS  AND  BUILDINGS.      By 

G.  DRYSDALE  DEMPSEY.  C.E.    New  Edition.    Illustrated,    as.  6d. 

31.  WELL-DIGGING,  BORING,  AND  PUMP-  WORK.    By  JOHN 

GEORGE  SWINDELL,  A.R.I.B.  A.  New  Edition,  by  G.  R.  BURNELL,  C.E.   is.  6d. 

35.  THE  BLASTING  AND  QUARRYING  OF  STONE,  for 
Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of  Bridges. 
By  Gen.  Sir  JOHN  BURGOYNE,  Bart.,  K.C.B.  Illustrated,  is.  6d. 

62.  RAILWAY  CONSTRUCTION,  Elementary  and  Practical  In- 
structions  on  the  Science  of.  By  Sir.M.  STEPHENSON,  C.E.  New  Edition, 
by  EDWARD  NUGENT,  C.E.  With  Statistics  of  the  Capital,  Dividends,  and 
"Working  of  Railways  in  the  United  Kingdom.  By  E.  D.  CHATTAWAY.  45. 
80*.  EMBANKING  LANDS  FROM  THE  SEA,  the  Practice  of. 
Treated  as  a  Means  of  Profitable  Employment  for  Capital.  With  Examples 
and  Particulars  of  actual  Embankments,  and  also  Practical  Remarks  on  the 
Repair  of  old  Sea  Walls.  By  JOHN  WIGGINS,  F.G.S.  New  Edition,  as. 

81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 
a  Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water ;  and  Details  of  Engines  and  Pumping  Machinery 
for  raising  Water.  By  SAMUEL  HUGHES,  F.G.S.,  C.E.  New  Edition.  454 

117.  SUBTERRANEOUS  SURVEYING,  an  Elementary  and  Prac- 

tical Treatise  on.  By  THOMAS  FENWICK.  Also  the  Method  of  Conducting 
Subterraneous  Surveys  without  the  Use  of  the  Magnetic^Needle,  and  other 
Modern  Improvements.  By  THOMAS  BAKER,  C.E.  Illustrated,  as.  6d4 

1 1 8.  CIVIL  ENGINEERING  IN  NORTH.  AMERICA,  a  Sketch 

of.    By  DAVID  STEVENSON,  F.R.S.E.,  &c.    Plates  and  Diagrams.    33. 

197.  ROADS  AND  STREETS  (THE  CONSTRUCTION  OF), 
in  two  Parts :  I.  THE  ART  OF  CONSTRUCTING  COMMON  ROADS,  by  HENRY 
LAW,  C.E.,  revised  and  condensed  by  D.  KINNEAR  CLARK,  C.E. ;  II.  RECENT 
PRACTICE,  including  pavements  of  Stone,  Wood,  and  Asphalte,  b}'  D.  K. 
CLARK,  M.I.C.E.  4s.  6d.i 

203.  SANITAR  Y  WORK  IN  THE  SMALLER  TOWNS  AND  IN 
VILLAGES.  Comprising : — i.  Some  of  the  more  Common  Forms  of 
Nuisance  and  their  Remedies  ;  2.  Drainage ;  3.  Water  Supply.  A  useful 
book  for  Members  of  Local  Boards  and  Rural  Sanitary  Authorities,  Health 
Officers,  Engineers,  Surveyors,  &c.  By  CHARLES  SLAGG,  A.I.C.E.  as.  6d.J 

212.  THE  CONSTRUCTION  OF  GAS-WORKS,  and  the  Manu- 

facture and  Distribution  of  Coal  Gas.  Originally  written  by  SAMUEL 
HUGHES,  C.E.  Sixth  Edition,  re-written  and  much  Enlarged  by  WILLIAM 
RICHARDS,  C.E.  With  72  Illustrations.  45.  6d.J  [Just  published. 

213.  PIONEER  ENGINEERING.     A  Treatise  on  the  Engineering 

Operations  connected  with  the  Settlement  of  Waste  Lands  in  New  Coun- 
tries. By  EDWARD  DOBSON,  Assoc.  Inst.  C.E.,  Author  of  "The  Art  of 
Building,"  &c.  45.  6d.J  [Just published. 
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MECHANICAL   ENGINEERING,    ETC. 

33.  CRANES,  the  Construction  of,  and  other  Machinery  for  Raising 

Heavy  Bodies  for  the  Erection  of  Buildings,  and  for  Hoisting  Goods.  By 
JOSEPH  GLYNN,  F.R.S.,  &c.  Illustrated,  is.  6d. 

34.  THE  STEAM  ENGINE,  a  Rudimentaiy  Treatise  on.     By  Dr. 

LARDNER.    Illustrated,    is.  6d. 
59.  STEAM  TOILERS :    their  Construction  and  Management.     By 

R.  ARMSTRONG,  C.E.    Illustrated,    is.  6d. 
67.  CLOCKS,   WATCHES,  AND  BELLS,  a  Rudimentaiy  Treatise 

on.  By  Sir  EDMUND  BECKETT  (late  EDMUND  BECKETT  DENISON),  LL.D.,  Q.C. 
'  A  New,  Revised,  and  considerably  Enlarged  Edition  (the  6th),  with  very 

numerous  Illustrations.    AS.  6d.  cloth  limp  :  53.  6d.  cloth  boards,  gilt. 
82.  THE  POWER   OF  WATER,  as  applied  to  drive  Flour  Mills, 

and  to  give  motion  to  Turbines  and  other  Hydrostatic  Engines.    By  JOSEPH 

GLYNN,  F.R.S.,  &c.     New  Edition,  Illustrated,     as.* 
98.  PRACTICAL  MECHANISM,  the  Elements  of;   and  Machine 

Tools.    By  T.  BAKER,  C.E.    With  Remarks  on  Tools  and  Machinery,  by 

J.  NASMYTH,  C.E.    Plates,    as.  6d.J 
114.  MA  CHINER  Y,  Elementary  Principles  of,  in  its  Construction  and 

Working.    Illustrated  by   numerous   Examples  of  Modern  Machinery  for 

different  Branches  of  Manufacture.    By  C.  D.  ABEL,  C.E.     is.  6d. 
139.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theory 

of,  with  Rules  at  length,  and  Examples  for  the  Use  of  Practical  Men.     By 

T.  BAKER,  C.E.    Illustrated,    is.  6d. 
162.  THE    BRASS   FOUNDER'S    MANUAL;     Instructions     for 

Modelling,     Pattern-Making,    Moulding,     Turning,     Filing,     Burnishing, 

Bronzing,  &c.  With  copious  Receipts,  numerous  Tables,  and  Notes  on  Prime 

Costs  and  Estimates.    By  WALTER  GRAHAM.    Illustrated.     as4 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied   to  Marine, 

Land,  and  Locomotive  Engines,  Floating  Docks,  Dredging  Machines, 
Bridges,  Cranes,  Ship-building,  &c.,  &c.  By  J.  G.  WINTON.  Illustrated.  354 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the  Action  of 
Heat  in  the  Smelting  Furnace.  By  J.  ARMOUR,  C.E.  as.  6d.t 

1 66.  POWER  IN  MOTION:  Horse-Power,  Toothed- Wheel  Gearing, 

Long  and  Short  Driving  Bands,  and  Angular  Forces.  By  JAMES  ARMOUR, 
C.E.  With  73  Diagrams,  as.  6d.J 

167.  THE  APPLICATION  OF  IRON  TO  THE  CONSTRUCTION 

OF  BRIDGES,  GIRDERS,  ROOFS,  AND  OTHER  WORKS.  By 
FRANCIS  CAMPIN,  C.E.  Second  Edition,  revised  and  corrected,  as.  6d.t 
171.  THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  JOHN  MAXTON,  Engineer,  Instructor  in  Engineering 
Drawing,  Royal  Naval  College,  Greenwich.  Third  Edition.  Illustrated 
with  7  Plates  and  nearly  350  Woodcuts.  35.  6d.t 

190.   STEAM    AND    THE     STEAM  ENGINE,  Stationary    and 

Portable.  Being  an  extension  of  Mr.  John  Sewell's  "  Treatise  on  Steam." 
By  D.  K.  CLARK,  M.I.C.E.  Second  Edition,  revised.  35.  6d.J 

200.  FUEL,  its  Combustion  and  Economy ;  being  an  Abridgment  of 
"  A  Treatise  on  the  Combustion  of  Coal  and  the  Prevention  of  Smoke,"  by 
C.  W.  WILLIAMS,  A.I.C.E.  With  extensive  additions  on  Recent  Practice  in 
the  Combustion  and  Economy  of  Fuel— Coal,  Coke,  Wood,  Peat,  Petroleum, 
&c.— by  D.  K.  CLARK,  M.I.C.E.  and  Edition.  3s.6d.t  [Just published. 

202.  LOCOMOTIVE  ENGINES,  A  Rudimentary  Treatise  on. 
Comprising  an  Historical  Sketch  and  Description  of  the  Locomotive  Engine, 
by  G.  D.  DEMPSEY,  C.E. ;  with  large  additions  treating  of  the  Modern  Loco- 
motive, by  D.  KINNEAR  CLARK,  M.I.C.E.  35.*  [Just published. 

211.   THE  BOILERMAKER'S   ASSISTANT  in    Drawing,   Tem- 

S'ating,  and  Calculating  Boiler  Work  and  Tank  Work,  with  Rules  for  the 
vaporated  Power  and  the  Horse  Power  of  Steam  Boilers,  and  the  Propor- 
tions of    Safety- Valves ;    and  useful   Tables   of   Rivet  Joints,   of   Circles, 
Weights  of  Metals,   &c.    By  JOHN  COURTNEY,   Practical  Boiler  Maker. 
Edited  by  D.  K.  CLARK,  C.E.     100  Illustrations,     as.        {Just published. 
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SHIPBUILDING,    NAVIGATION,    MARINE 
ENGINEERING,   ETC. 

51.  NAVAL  ARCHITECTURE,  the  Rudiments  of;  or  an  Exposi- 
tion of  the  Elementary  Principles  of  the  Science,  and  their  Practical  Appli- 
cation to  Naval  Construction.  Compiled  for  the  Use  of  Beginners.  }' . 
JAMES  PEAKE,  School  of  Naval  Architecture,  H.M.  Dock}-ard,  Portsmouth", 
Fourth  Edition,  corrected,  with  Plates  and  Diagrams.  35.  6d.J 

53*.  SHIPS  FOR  OCEAN  AND  RIVER  SERVICE,  Elementary 
and  Practical  Principles  of  the  Construction  of.  By  HAKON*  A.  Somnit- 
FELDT,  Surveyor  of  the  Royal  Norwegian  Navy.  With  an  Appendix,  is.  6d. 

53**.  AN  ATLAS  OF  ENGRAVINGS  to  Illustrate  the  above.  Twelve 
large  folding  plates.  Royal  4to,  cloth.  75.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Rudimentary  Treatise  on.  Also  Tables  of  Spars,  Rigging,  Blocks  ;  Chain, 
"Wire,  and  Hemp  Ropes,  &c.,  relative  to  every  class  of  vessels.  With  arv 
Appendix  of  Dimensions  of  Masts  and  Yards  of  the  Royal  Navy.  By  ROBERT 
KIPPING,  N.A.  Fourteenth  Edition.  Illustrated.  2s.i 

54*.  IRON  SHIP-BUILDING.  With  Practical  Examples  and  Details 
for  the  Use  of  Ship  Owners  and  Ship  Builders.  By  JOHN  GRANTHAM,  Con- 
sulting Engineer  and  Naval  Architect.  5th  Edition,  with  Additions.  45. 
54**.  AN  ATLAS  OF  FORTY  PLATES  to  Illustrate  the  above. 
Fifth  Edition.  Including  the  latest  Examples,  such  as  H.M.  Steam  Frigates 
"Warrior,"  "Hercules,"  "  Bellerophon  ; "  H.M.  Troop  Ship  "Serapis," 
Iron  Floating  Dock,  &c.,  &c.  4to,  boards.  383. 

55.  THE   SAILOR'S   SEA   BOOK:   a    Rudimentary  Treatise    on 

Navigation.  Part  I.  How  to  Keep  the  Log  and  Work  it  off.  Part  II.  On 
Finding  the  Latitude  and  Longitude.  By  JAMES  GREENWOOD,  B.A.  To 
which  are  added,  the  Deviation  and  Error  of  the  Compass  ;  Great  Circle 
Sailing  ;  the  International  (Commercial)  Code  of  Signals  ;  the  Rule  of  the 
Road  at  Sea ;  Rocket  and  Mortar  Apparatus  for  Saving  Life  ;  the  Law  of 
Storms  ;  and  a  Brief  Dictionary  of  Sea  Terms.  WTith  numerous  Woodcuts 
and  Coloured  Plates  of  Flags.  New,  thoroughly  revised  and  much  enlarged 
edition.  By  W.  H.  ROSSER.  as.  6d.t  [Just  published. 

80.  MARINE  ENGINES,  AND  STEAM  VESSELS,  a  Treatise 
on.  Together  with  Practical  Remarks  on  the  Screw  and  Propelling  Power, 
as  used  in  the  Royal  and  Merchant  Navy.  By  ROBERT  MURRAY,  C.E., 
Engineer- Surveyor  to  the  Board  of  Trade.  With  a  Glossary  of  Technical 
Terms,  and  their  Equivalents  in  French,  German,  and  Spanish.  Seventh 
Edition,  revised  and  enlarged.  Illustrated.  35.* 

Btfis.  THE  FORMS  OF  SHIPS  AND  BOATS:  Hints,  Experiment- 
ally Derived,  on  some  of  the  Principles  regulating  Ship-building.  By  W. 
BLAND.  Seventh  Edition,  revised,with  numerous  Illustrations  and  Models. is.6d. 
99.  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 
and  Practice.  With  Attempts  to  facilitate  the  Finding  of  the  Time  and  the 
Longitude  at  Sea.  By  J.  R.  YOUNG,  formerly  Professor  of  Mathematics  in 
Belfast  College.  Illustrated.  2S.  6d. 

100*.  TABLES  intended  to  facilitate  the  Operations  of  Navigation  and 
Nautical  Astronomy,  as  an  Accompaniment  to  the  above  Book.  By  J.  R. 
YOUNG,  is.  6d. 

106.  SHIPS'  ANCHORS,  a  Treatise  on.  By  G.  COTSELL,  N.A.  is.  6d, 
149.  SAILS  AND  SAIL-MAKING,  an  Elementary  Treatise  on. 
With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  Also,  Weights 
and  Sizes  of  Ropes  ;  Masting,  Rigging,  and  Sails  of  Steam  Vessels,  &c.,  8-c. 
Eleventh  Edition,  enlarged,  with  an  Appendix.  By  ROBERT  KIPPING,  N.A., 
Sailmaker,  Quayside,  Newcastle.  Illustrated.  2s.  6d4 

155.  THE   ENGINEER'S    GUIDE    TO    THE    ROYAL    AND 
MERCANTILE  NAVIES.    By  a  PRACTICAL  ENGINEER.    Revised  by  D. 
F.  M'CARTHY,  late  of  the  Ordnance  Survey  Office,  Southampton.    33. 
55    PRACTICAL    NAVIGATION.       Consisting    of   The    Sailor's 
Sc      Sea-Book.     By  JAMES  GREENWOOD  and  W.  H.  ROSSER.     Together  with 
«n.      the  requisite  Mathematical  and  Nautical   Tables  for  the  Working  of   the 
*    Problems.     By  HENRY  LAW,  C.E.,  and  J.  R.  YOUNG,  formerly  Professor  of 
Mathermatics  in  Belfast  College.     Illustrated  with  numerous  Wood  Engrav- 
ings and  Coloured  Plates.     75.     Strongly  half-bound  in  leather. 

The  %  indicates  that  these  vols.  may  be  had  strongly  bound  at  €xi.  extra. 
LONDON  I    CROSBY    LOCKWOOD    AND    CO., 


WE  ALE'S    RUDIMENTARY    SERIES. 


PHYSICAL    SCIENCE,    NATURAL    PHILO- 
SOPHY,   ETC. 

1.  CHEMISTRY,  for  the  Use  of  Beginners.     By  Professor  GEORGK 

FOWNES,  F.R.S.  With  an  Appendix  on  the  Application  of  Chemistry  to 
Agriculture,  is. 

2.  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  of;  for 

the  Use  of  Beginners.  By  C.  TOMLINSON,  Lecturer  on  Natural  Science  in 
King's  College  School,  London.  Woodcuts,  is.  6d. 

4.  MINERALOGY,  Rudiments  of;  a  concise  View  of  the  Properties 
of  Minerals.    By  A.  RAMSAY,  Jun.    Woodcuts  and  Steel  Plates.    3s.t  ' 

6.  MECHANICS,  Rudimentary  Treatise   on;   being    a  concise  Ex- 

position of  the  General  Principles  of  Mechanical  Science,  and  their  Applica- 
tions. By  CHARLES  TOMLINSON.  Illustrated,  is.  6d. 

7.  ELECTRICITY;   showing  the  General  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  has  been  applied.    By  Sir  W.  SNOW 
HARRIS,  F.R.S. ,  &c.     With  Additions  by  R.  SABINE,  C.E.,  F.S.A.    is.  6d. 
7*.   GAL  VANISM,  Rudimentary  Treatise  on,  and  the  General  Prin- 
ciples of  Animal  and  Voltaic  Electricity.    By  Sir  W.  SNOW  HARRIS.    New 
Edition,  with  considerable  Additions  by  ROBERT  SABINE,  C.E.,  F.S  A.    is.  6d. 

8.  MAGNETISM;  being  a  concise  Exposition  of  the  General  Prin- 

ciples of  Magnetical  Science,  and  the  Purposes  to  which  it  has  been  applied. 
By  Sir  W.  SNOW  HARRIS.  New  Edition,  revised  and  enlarged  by  H.  M. 
NOAD,  Ph.D.,  Vice-President  of  the  Chemical  Society,  Author  of  "A 
Manual  of  Electricity,"  &c.,  &c.  With  165  Woodcuts.  33.  6d.J 

11.  THE  ELECTRIC  TELEGRAPH;  its  History  and  Progress; 

with  Descriptions  of  some  of  the  Apparatus.   ByR.  SABINE,  C.E.,  F.S.A.    35. 

12.  PNEUMATICS,    for    the     Use    of    Beginners.      By    CHARLES 

TOMLINSON.    Illustrated,     is.  6d. 

72.  MANUAL  OF  THE  MOLLUSC  A  ;  a  Treatise  on  Recent  and 
Fossil  Shells.  By  Dr.  S.  P.  WOODWARD,  A.L.S.  With  Appendix  by 
RALPH  TATE,  A.L.S.,  F.G.S.  With  numerous  Plates  and  300  Woodcuts. 
6s.  6d.  Cloth  boards,  75.  6d. 

79**.  PHOTOGRAPHY,  Popular  Treatise  on;  with  a  Description  of 
the  Stereoscope,  &c.  Translated  from  the  French  of  D.  VAN  MONCKHOVEN, 
by  W.  H.  THORNTHWAITE,  Ph.D.  Woodcuts,  is.  6d. 

96.  ASTRONOMY.     By  the  Rev.  R.  MAIN,  M.A.,  F.R.S.,  &c. 

New  Edition,  with  an  Appendix  on  "  Spectrum  Analysis."  AVoodcuts.  is.  6d. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.  By  T.  BAKER,  C.E.  is.  6d. 

138.  TELEGRAPH,  Handbook  of  the;  a  Manual  of  Telegraphy, 
Telegraph  Clerks'  Remembrancer,  and  Guide  t&  Candidates  for  Employ- 
ment in  the  Telegraph  Service.  By  R.  BOND.  Fourth  Edition,  revised  and 
enlarged  :  to  which  is  appended,  QUESTIONS  on  MAGNETISM,  ELEC- 
TRICITY, and  PRACTICAL  TELEGRAPHY,  for  the  Use  of  Students, 
by  W.  MCGREGOR,  First  Assistant  Supnt.,  Indian  Gov.  Telegraphs.  35.* 

143.  EXPERIMENTAL    ESSAYS.      By    CHARLES    TOMLINSON. 

I.  On  the  Motions  of  Camphor  on  Water.  II.  On  the  Motion  of  Camphor 
towards  the  Light.  III.  History  of  the  Modern  Theory  of  Dew.  Woodcuts,  is. 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  PORT- 

LOCK'S  "Rudiments  of  Geology."  By  RALPH  TATE,  A.L.S.,&c.  Woodcuts.  2s. 

174.  HISTORICAL     GEOLOGY,    partly    based    on    Major-General 

PORTLOCK'S  "Rudiments."  By  RALPH  TATE,  A.L.S. ,  &c.  Woodcuts,  zs. 6d. 
173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

fe  Historical.  Partly  based  on  Major-General  PORTLOCK'S  "  Rudiments  of 
r  -  ,  Geology."  By  RALPH  TATE,  A.L.S.,  F.G.S.,  &c.,  &c.  Numerous  Illustra- 

'*•      tions.    In  One  Volume.    45.  6d.J 

183.  ANIMAL  PHYSICS,  Handbook  of.    By  Dr.  LARDNER,  D.C.L., 

&         formerly   Professor   of  Natural    Philosophy  and  Astronomy   in    University 

184.  College,  Lond.   With  520  Illustrations.    In  One  Vol.    75.  6d.,  cloth  boards 

***  Sold  also  in  Two  Parfs,  as  follows  :— 

183.  ANIMAL  PHYSICS.    By  Dr.  LARDNER.    Part  I.,  Chapters  I— VII.    45. 

184.  ANIMAL  PHYSICS.    By  Dr.  LARDNER.    Part  II.,  Chapters  VIII— XVIII.    35. 

The  t  indicates  that  these  vols.  may  be  had  strongly  bound  at  6d.  extra. 
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WEALS  S    RUDIMENTARY   SERIES. 


MINING,    METALLURGY,    ETC. 

117.  SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatise  on,  with  and  without  the  Magnetic  Needle.  By  THOMAS  FENWICK, 
Surveyor  of  Mines,  and  THOMAS  BAKER,  C.E.  Illustrated,  as.  6d.J 

133.  METALLURGY  OF  COPPER  ;  an  Introduction  to  the  Methods 

of  Seeking-,  Mining,  and  Assaying  Copper,  and  Manufacturing  its  Alloys. 
By  ROBERT  H.  LAMBORN,  Ph.D.  Woodcuts.  2s.  6d.t 

134.  METALLURGY  OF  SILVER  AND  LEAD.     A  Description 

of  the  Ores ;  their  Assay  and  Treatment,  and  valuable  Constituents.  By  Dr. 
R.  H.  LAMBORN.  Woodcuts,  as.  6d.J 

135.  ELECTRO-METALLURGY;  Practically  Treated.     By  ALEX- 

ANDER  WATT,  F.R.S.S.A.  Seventh  Edition,  revised,  with  important  addi- 
tions, including  the  Electro-Deposition  of  Nickel,  &c.,  &c.  Woodcuts. 
3S.J  [Jzist  published. 

172.  MINING  TOOLS,  Manual  of.     For  the  Use  of  Mine  Managers, 

Agents,  Students,  &c.  Comprising  Observations  on  the  Materials  from,  and 
Processes  by,  which  they  are  manufactured  ;  their  Special  Uses,  Applica- 
tions, Qualities,  and  Efficiency.  By  WILLIAM  MORGANS,  Lecturer  on  Mining 
at  the  Bristol  School  of  Mines.  2s.  6d.t 

72*.  MINING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the  above, 
containing  235  Illustrations  of  Mining  Tools,  drawn  to  Scale.  4to.  45.  6d, ; 
cloth  boards,  6s. 

176.  METALLURGY  OF  IRON,  a  Treatise  on  the.  Containing 
History  of  Iron  Manufacture,  Methods  of  Assay,  and  Analyses  of  Iron  Ores, 
Processes  of  Manufacture  of  Iron  and  Steel,  &c.  By  H.  BAUERMAN,  F.G.S. 
Fourth  Edition,  enlarged,  with  numerous  Illustrations.  43.  6d4 

1 80.  COAL  AND  COAL  MINING,  A  Rudimentary  Treatise  on. 
By  WARINGTON  W.  SMYTH,  M.A.,  F.R.S.,  &c.,  Chief  Inspector  of  the 
"lines  of  the  Crown  and  of  the  Duchy  of  Cornwall.  Fifth  Edition,  revised 


By 
Mir 
and  enlarged.  With  numerous  Illustrations.  35.  6d.t  [Just published. 

195.  THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE  GUIDE,  with  new  Traverse  Tables,  and  Descriptions  of  Improved 
Instruments ;  also  the  Correct  Principles  of  Laying  out  and  Valuing  Mineral 
Properties.  By  WILLIAM  LINTERN,  Mining  and  Civil  Engineer.  With 
four  Plates  of  Diagrams,  Plans,  &c.  33.  6d.£ 

214.  A  TREATISE  ON  SLATE  AND  SLATE  QUARRYING, 
Scientific,  Practical,  and  Commercial.  By  D.  C.  DAVIES,  F.G.S.,  Mining 
Engineer,  &c.  With  numerous  Illustrations  and  Folding  Plates.  33.$ 

.     {.Just  published. 

FINE   ARTS. 

20.  PERSPECTIVE  FOR  BEGINNERS.  Adapted  to  Young 
Students  rand  Amateurs  in  Architecture,  Painting,  &c.  By  GEORGE  PVNE, 
Artist.  Woodcuts,  zs. 

40  GLASS  STAINING  ;  or,  The  Art  of  Painting  on  Glass.  From 
&  the  German  of  Dr.  GESSERT.  With  an  Appendix  on  THE  ART  OF  ENAMEL- 
.  j  LING,  &c. ;  together  with  THE  ART  OF  PAINTING  ON  GLASS.  From  the 

*     German  of  EMANUEL  OTTO  FROMBERG.     In  One  Volume.     2s.  6d. 
69.  MUSIC,    A    Rudimentary    and    Practical    Treatise    on.       With 

numerous  Examples.    By  CHARLES  CHILD  SPENCER.    25.  6d. 
71.  PIANOFORTE,  The  Art  of  Playing  the.     With  numerous  Exer- 
cises and  Lessons.  Written  and  Selected  from  the  Best  Masters,  by  CHARLES 
CHILD  SPENCER,    is.  6d. 

181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature, 
Painting  on  Ivors',  Vellum,  Potter}',  Enamel,  Glass.  &c.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  THOMAS  JOHN  GULLICK,  assisted  by 
JOHN  TIMES,  F.S.A.  Fourth  Edition,  revised  and  enlarged,  with  Frontispiece 
and  Vignette.  53.* 

1 86.  A  GRAMMAR  OF  COLOURING,  applied  to  Decorative 
Painting  and  the  Arts.  By  GEORGE  FIELD.  New  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.  By  ELLIS  A. 
DAVIDSON,  Author  of  "  Drawing  for  Carpenters,"  &c.  With  two  new 
Coloured  Diagrams  and  numerous  Engravings  on  Wood.  33. t 

"I he  i  indicates  that  these  vols.  may  be  had  strongly  bound  at  dd.  extra. 
LONDON  :    CROSBY   LOCKWOOD    AND    CO., 


WEALE'S  RUDIMENTARY  SERIES. 


AGRICULTURE,  GARDENING,  ETC. 
29.  THE    DRAINAGE    OF  DISTRICTS   AND   LANDS.      By 

G.  DRYSDALE  DKMPSEY,  C.E.  [New  Edition  in  preparation. 

66.  CLAY   LANDS    AND     LOAMY    SOILS.        By    Professor 

DONALDSON,     is. 
131.  MILLER'S,   MERCHANTS,   AND   FARMER'S  READY 

RECKONER,  for  ascertaining  at  sight  the  value  of  any  quantity  of  Corn, 
from  One  Bushel  to  One  Hundred  Quarters,  at  any  given  price,  from  £i  to 
£5  per  Or.  With  approximate  values  of  Millstones,  Millwork,  &c.  is. 

140.  SOILS,  MANURES,    AND   CROPS.     (Vol.    i.   OUTLINES  OF 

MODERN  FARMING.)    By  R.  SCOTT  BURN.    Woodcuts,    as. 

141.  FARMING  AND  FARMING  ECONOMY,  Notes,  Historical 

and  Practical,  on.  (Vol.  2.  OUTLINES  OF  MODERN  FARMING.)  By  R.  SCOTT 
BURN.  Woodcuts,  is. 

142.  STOCK;    CATTLE,    SHEEP,    AND    HORSES.      (Vol.    3. 

OUTLINES  OF  MODERN  FARMING.)    By  R.  SCOTT  BURN.  Woodcuts,    zs.  6d. 

145.  DAIRY,   PIGS,   AND  POULTRY,   Management  of  the.     By 

R.  SCOTT  BURN.  With  Notes  on  the  Diseases  of  Stock.  (Vol.  4.  OUTLINES 
OF  MODERN  FARMING.)  Woodcuts.  2s, 

146.  UTILIZATION     OF     SEWAGE,      IRRIGATION,      AND 

RECLAMATION  OF  WASTE  LAND.  (Vol.  5.  OUTLINES  OF  MODERN 
FARMING.)  By  R.  SCOTT  BURN.  Woodcuts.  25.  6d. 

%*  Nos.  140-1-2-5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  "OUTLINES  OF 
MODERN  FARMING."    By  ROBERT  SCOTT  BURN.    Price  125. 

177.  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of.  From 
the  French  of  Du  BREUIL.  Revised  by  GEO.  GLENNY.  187  Woodcuts.  35.  6d.$ 

1 98.  SHEEP;  THE  HISTOR  Y,  STR  UCTURE,  ECONOMY,  AND 
DISEASES  OF.  By  W.  C.  SPOONER,  M.R.V.C.,  &c.  Fourth  Edition, 
considerably  enlarged;  with  numerous  fine  engravings,  including  some 
snecimens  of  New  and  Improved  Breeds.  366pp.  35.  6d.J 

201.  KITCHEN  GARDENING  MADE  EASY.      Showing  how  to 

prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every  known 
Vegetable  and  Herb,  with  cultural  directions  for  the  management  of  them 
all  the  year  round.  By  GEORGE  M.  F.  GLENNY,  Editor  of  "  Glenny's  Illus- 
trated Garden  Almanack,"  and  Author  of  "  Floriculture,"  &c.  is.  6d.J 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organi- 

zation of  Farm  Labour  :  Treating  of  the  General  Work  of  the  Farm  ;  Field 
and  Live  Stock ;  Details  of  Contract  Work ;  Specialities  of  Labour  ;  Econo- 
mical Management  of  the  Farmhouse  and  Cottage,  and  their  Domestic 
Animals.  By  ROBERT  SCOTT  BURN.  Numerous  Illustrations.  2s.  6d.t 

[Just  published. 

208.  OUTLINES   OF  LANDED  ESTATES   MANAGEMENT: 

Treating  of  the  Varieties  of  Lands  on  the  Estate ;  Peculiarities  of  its  Farms  ; 
Methods  of  Farming  ;  the  Setting-out  of  Farms  and  their  Fields  ;  the  Con- 
struction of  Roads,  Fences,  Gates,  and  the  various  Farm  Buildings;  the 
several  Classes  of  Waste  or  Unproductive  Lands  ;  Irrigation  ;  Drainage, 
Plantation,  &c.  By  R.  SCOTT  BURN.  With  numerous  Illustrations.  2s.6d.$ 

[y  ust  published. 
***  Nos.  207  6f  208  in  One  Vol.,  handsomely  half -bound,  entitled  "  OUTLINES  OF 


[Just  published. 

L,  handsomely  half -bound,  entitled  "  OUTLINES  0 
LANDED  ESTATES  AND  FARM  MANAGEMENT."    By  R.  SCOTT  BURN.    Price  6s. 

209.  THE   TREE   PLANTER   AND   PLANT  PROPAGATOR : 

Being  a  Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit  Trees, 
Flowering  Shrubs,  Flowering  Plants,  Pot-Herbs,  &c. ;  with  numerous  Illus- 
trations of  Grafting,  Layering,  Budding,  Cuttings,  &c.,  Useful  Implements, 
Houses,  Pits,  &c.  By  SAMUEL  WOOD,  Author  of  "  Good  Gardening."  2S.J 

[Just  published. 

210.  THE    TREE    PRUNER  :    Being  a  Practical   Manual  on  the 


Pruning  of  Fruit  Trees,  including  also  their  Training  and  Renovation,  witli 
the  Best  Method  of  bringing  Old  and  Worn-out  Trees  into  a  State  of 
Bearing ;  also  treating  of  the  Pruning  of  Shrubs,  Climbers  and  Flowering 
Plants.  With  numerous  Illustrations.  By  SAMUEL  WOOD,  Author  of  "  Good 
Gardening,"  &c.  2s.t  [Just  published. 

***  Nos.  209  &-  210  in  One  Vol.,  handsomely  half -bound,  entitled  "THE  TREK 
PLANTER,  PROPAGATOR  AND  PRUNER."     By  SAMUEL  WOOD.     Price  55. 

The  J  indicates  that  these  vols.  may  be  had  strongly  bound  at  bd.  extra. 
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to  WEALE'S  RUDIMENTARY  SERIES. 

ARITHMETIC,    GEOMETRY,   MATHEMATICS, 

ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  in  which 

their  Construction  and  the  Methods  of  Testing,  Adjusting-,  and  Using  them 
are  concisely  Explained.      By  J.  F.  HEATHER,  M.A.,  of  the  Royal  Military 
Academy,  Woolwich.     Original  Edition,  in  i  vol.,  Illustrated,     is.  6d. 
•»*  In  ordering  the  above,  be  careful  to  say,  "  Original  Edition  "  (No.  32),  to  distin- 
guish it  from  the  Enlarged  Edition  in  3  vols.  (Nos.  168-9-70.) 

60.  LAND  AND  ENGINEERING  SURVEYING,  a  Treatise  on; 
with  all  the  Modern  Improvements.  Arranged  for  the  Use  of  Schools  and 
Private  Students  ;  also  for  Practical  Land  Surveyors  and  Engineers.  By 
T.  BAKER,  C.E.  New  Edition,  revised  by  EDWARD  NUGENT,  C.E.  Illus- 
trated with  Plates  and  Diagrams.  2s.t 

61*.  READY  RECKONER  FOR  THE  ADMEASUREMENT  OF 
LAND.  By  ABRAHAM  ARMAN,  Schoolmaster,  Thurleigh,  Beds.  To  which 
is  added  a  Table,  showing  the  Price  of  Work,  from  as.  6d.  to^i  per  acre,  and 
Tables  for  the  Valuation  of  Land,  from  is.  to  j£i,oooper  acre,  and  from  one- 
pole  to  two  thousand  acres  in  extent,  &c.,  &c.  is.  6d. 

76.  DESCRIPTIVE  GEOMETRY,  an  Elementary  Treatise  on; 
with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  ot 
G.  MOXGE.  To  which  is  added,  a  description  of  the  Principles  and  Practice 
of  Isometrical  Projection  ;  the  whole  being  intended  as  an  introduction  to  the 
Application  of  Descriptive  Geometry  to  various  branches  of  the  Arts.  By 
J.  F.  HEATHER,  M.A.  Illustrated  with  14  Plates.  2s. 

178.  PRACTICAL    PLANE    GEOMETRY:    giving    the    Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  HEATHER,  M.A.  With  215  Woodcuts,  zs. 

179.  PROJECTION :   Orthographic,   Topographic,   and  Perspective: 

giving  the  various  Modes  of  Delineating  Solid  Forms  by  Constructions  on  a 
Single  Plane  Surface.  By  J.  F.  HEATHER,  M.A.  [/«  preparation, 

***  The  above  three  volumes  will  form  a  COMPLETE  ELEMENTARY  COURSE  OF     : 
MATHEMATICAL  DRAWING. 

83.  COMMERCIAL  BOOK-KEEPING.   With  Commercial  Phrases 

and  Forms  in  English,  French,  Italian,  and  German.  By  JAMES  HADDON, 
M.A.,  Arithmetical  Master  of  King's  College  School,  London,  is.  6d. 

84.  ARITHMETIC,  a  Rudimentary  Treatise  on :  with  full  Explana- 

tions of  its  Theoretical  Principles,  and  numerous  Examples  for  Practice.  For 
the  Use  of  Schools  and  for  Self-Instruction.  By  J.  R.  YOUNG,  late  Professor 
of  Mathematics  in  Belfast  College.  New  Edition,  with  Index,  is.  6d. 

84*.  A  KEY  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
with  Comments,  Explanations,  and  Improved  Processes,  for  the  Use  of 
Teachers  and  Unassisted  Learners.  By  J.  R.  YOUNG,  is.  6d. 

85.  EQUATIONAL  ARITHMETIC,  applied  to  Questions  of  Interest,, 
gc*.    Annuities,  Life  Assurance,  and  General  Commerce  ;  with  various  Tables  by 

which  all  Calculations  may  be  greatly  facilitated.    By  W.  HIPSLEY.    25. 

86.  ALGEBRA,    the   Elements    of.      By  JAMES  HADDON,   M.A., 

Second  Mathematical  Master  of  King's  College  School.  With  Appendix, 
containing  miscellaneous  Investigations,  and  a  Collection  of  Problems  in 
various  parts  of  Algebra.  2s. 

86*.  A  KEY  AND  COMPANION  to  the  above  Book,  forming  an  extensive  repository  of 
Solved  Examples  and   Problems  in  Illustration  of  the  various  Expedients 
necessary  in  Algebraical  Operations.    Especially  adapted  for  Self-Instruc- 
tion.   By  J.  R.  YOUNG,    is.  6d. 
88.  EUCLID,  THE  ELEMENTS  OF:  with  many  additional  Propositions 

gq  and  Explanatory  Notes  :  to  which  is  prefixed,  an  Introductory  Essay  on 
Logic.  By  HENRY  LAW,  C.E.  as.  6d.$ 

***  Sold  also  separately,  viz.  : —  1 

88.  EUCLID,  The  First  Three  Books.    By  HENRY  LAW,  C.E.    is. ' 

89.  EUCLID,  Books  4,  5,  6,  n,  12.    By  HENRY  LAW,  C.E.    is.  6d. 

The  ±  indicates  that  these  vols.  may  be  had  strongly  bound  at  6</.  cxtm. 
LONDON  I    CROSBY  LOCKWOOD   AND    CO., 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued. 

90.  ANALYTICAL     GEOMETRY  AND     CONIC    SECTIONS, 

a  Rudimentary  Treatise  on.  By  JAMES  HANN,  late  Mathematical  Master  of 
King's  College  School,  London.  A  New  Edition,  re-written  and  enlarged 
by  J.  R.  YOUNG,  formerly  Professor  of  Mathematics  at  Belfast  College.  2s.t 

91.  PLANE    TRIGONOMETRY,   the    Elements    of.     By  JAMES 

HANN,  formerly  Mathematical  Master  of  King's  College,  London,     is. 

92.  SPHERICAL  TRIGONOMETRY,  the  Elements  of.    By  JAMES 

HANN.    Revised  by  CHARLES  H.  DOWLING,  C.E.    is. 
***  Or -with  " The  Elements  of  Plane  Trigonometry"  in  One  Volume,  zs. 

93.  MENSURATION  AND  MEASURING,  for  Students  and  Prac- 

tical Use.  With  the  Mensuration  and  Levelling  of  Land  for  the  Purposes  of 
Modern  Engineering.  By  T.  BAKER,  C.E.  New  Edition,  with  Corrections- 
and  Additions  by  E.  NUGENT,  C.E.  Illustrated,  is.  6d. 

roi*.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONS, and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan 
Calendars.  By  W.  S.  B.  WOOLHOUSE,  F.R.A.S.  \Reprinting. 

102.  INTEGRAL   CALCULUS,  Rudimentary  Treatise  on  the.     By 

HOMERSHAM  Cox,  B.A.    Illustrated,     is. 

103.  INTEGRAL  CALCULUS,  Examples  on  the.    By  JAMES  HANN, 

late  of  King's  College,  London.     Illustrated,     is. 

ior.  DIFFERENTIAL  CALCULUS,  Elements  of  the.  By  W.  S.  B. 
WOOLHOUSE,  F.R.A.S.,  &c.  is.  6d. 

105.  MNEMONICAL    LESSONS.  —  GEOMETRY,    ALGEBRA,    AND 

.TRIGONOMETRY,  in  Easy  Mnemonical  Lessons.  By  the  Rev.  THOMAS 
PENYNGTON  KIRKMAN,  M.A.  is.  6d. 

136.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 

Instruction.  By  JAMES  HADDON,  M.A.  Revised  by  ABRAHAM  ARMAN. 
is.  6d. 

137.  A  KEY  TO  HADDON'S  RUDIMENTARY  ARITHMETIC.    By  A.  ARMAN.    is.  6d. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.    Includ- 

ing— I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.  By  J.  F.  HEATHER,  M.A.,  late  of  the  Royal 
Military  Academy,  Woolwich,  Author  of  "  Descriptive  Geometry,"  &c.,  &c. 
Illustrated,  is.  6d. 

169.  OPTICAL  INSTRUMENTS.    Including  (more  especially)  Tele- 

scopes, Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photography.  By  J.  F.  HEATHER,  M.A.  Illustrated,  is.  Cd. 

170.  SURVEYING    AND    ASTRONOMICAL    INSTRUMENTS. 

Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.  II.  Instruments  Employed  in  Astronomical  Observa- 
tions. By  T.  F.  HEATHER,  M.A.  Illustrated,  is.  6d. 

\*  The  above  three  volumes  form  an  enlargement  of  the  Author's  original  "work, 
"  Mathematical Instruments :  their  Construction,  Adjustment,  Testing,  and  Use  " 
the  Thirteenth  Edition  of -which  is  on  sale,  price  \s.  6d.  (See  No.  32  in  the  Series.) 

*&.}  MATHEMATICAL  INSTRUMENTS.    By  J.  F.  HEATHER, 

169.  >  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-written.  The  3  Parts  as 
170..)   above,  in  One  thick  Volume.   With  numerous  Illustrations.  45.  6d.t 
158.  THE  SLIDE  RULE,  AND  HOW  TO   USE  IT;    containing 
full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.      By  CHARLES  HOARE,  C.E.     With  a 
Slide  Rule  in  tuck  of  cover.     3s.t 

185.  THE  COMPLETE  MEASURER;  setting  forth  the  Measure- 
ment of  Boards,  Glass,  &c.,  &c. ;  Unequal-sided,  Square-sided,  Octagonal- 
sided,  Round  Timber  and  Stone,  and  Standing  Timber.  With  a  Table 
showing  the  solidity  of  hewn  or  eight-sided  timber,  or  of  any  octagonal- 
sided  column.  Compiled  for  Timber-growers,  Merchants,  and  Surveyors, 
Stonemasons,  Architects,  and  others.  By  RICHARD  HORTON.  Third 
Edition,  with  valuable  additions.  43. ;  strongly  bound  in  leather,  53. 

The  J  indicates  that  these  vols.  may  be  had  strongly  bound  at  6d.  extra. 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued. 
196.  THEORY    OF   COMPOUND    INTEREST  AND    ANNUI- 

TIES ;  with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.  By  F£DOR  THOMAN,  of  the  Societe  Credit 
Mobilier,  Paris.  45.1: 

199.  INTUITIVE    CALCULATIONS;    or,  Easy  and    Compendious 

Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions  ;  together  with  Full  Explanations  of 
Decimals  and  Duodecimals,  several  Useful  Tables,  and  an  Examination  and 
Discussion  of  the  best  Schemes  for  a  Decimal  Coinage.  By  DANIEL 
O'GoRMAN.  Twenty-fifth  Edition,  corrected  and  enlarged  by  J.  R.  YOUNG, 
formerly  Professor  of  Mathematics  in  Belfast  College.  354 

204.  MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on  Logarithms. 
By  HENRY  LAW,  C.E.  Together  with  a  Series  of  Tables  for  Navigation 
and  Nautical  Astronomy.  By  J.  R.  YOUNG,  formerly  Professor  of  Mathe- 
matics in  Belfast  College.  New  Edition.  35.  6d.*  \Justpublished. 


MISCELLANEOUS    VOLUMES. 

36.  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCH&- 
OLOGY,  the  FINE  ARTS,  &*c.  By  JOHN  WHALE.  Fifth  Edition.  Revised 
by  ROBERT  HUNT,  F.R.S.,  Keeper  of  Mining  Records.  Numerous  Illus- 
trations. 55.  cloth  limp  ;  6s.  cloth  boards. 

50.  THE   LAW  OF  CONTRACTS  FOR   WORKS  AND   SER- 
VICES.   By  DAVID  GIBBONS.    Third  Edition,  enlarged.    354 
112.  MANUAL  OF  DOMESTIC  MEDICINE.     By  R.   GOODING, 
B,A.,  M.D.    Intended  as  a  Family  Guide  in  all  Cases  of  Accident   and 
Emergency.    23.$ 

112*.  MANAGEMENT  OF  HEALTH.     A  Manual  of  Home  and 

Personal  Hygiene.    By  the  Rev.  JAMES  BAIRD,  B.A.    is. 
150.  LOGIC,  Pure  and  Applied.     By  S.  H.  EMMENS.      is.  6d. 

152.  PRACTICAL  HINTS  FOR   INVESTING   MONEY.    With 

an  Explanation  of  the  Mode  of  Transacting  Business  on  the  Stock  Exchange. 
By  FRANCIS  PLAYFORD,  Sworn  Broker,  is.  6d. 

153.  SELECTIONS    FROM    LOCKE'S     ESSAYS     ON     THE 

HUMAN  UNDERSTANDING.    With  Notes  by  S.  H.  EMMENS.    23. 

154.  GENERAL   HINTS  TO  EMIGRANTS.     Containing  Notices 

of  the  various  Fields  for  Emigration.  With  Hints  on  Preparation  for 
Emigrating,  Outfits,  &c.,  &c.  With  Directions  and  Recipes  useful  to  the 
Emigrant.  With  a  Map  of  the  World,  zs. 

157.  THE   EMIGRANTS    GUIDE    TO    NATAL.      By  ROBERT 

JAMES  MANN,  F.R.A.S.,  F.M.S.  Second  Edition,  carefully  corrected  to 
the  present  Date.  Map.  2s. 

193.  HANDBOOK  OF  FIELD  FORTIFICATION,  intended  for  the 

Guidance  of  Officers  Preparing  for  Promotion,  and  especially  adapted  to  the 
requirements  of  Beginners.  By  Major  W.  W.  KNOLLYS,  F.R.G.S.,  93rd 
Sutherland  Highlanders,  &c.  With  163  Woodcuts.  35.} 

194.  THE  HOUSE    MANAGER:  Being  a  Guide  to  Housekeeping. 

Practical  Cookery,  Pickling  and  Preserving,  Household  Work,  Dairy 
Management,  the  Table  and  Dessert,  Cellarage  of  Wines,  Home-brewing 
'and  Wine-making,  the  Boudoir  and  Dressing-room,  Travelling,  Stable 
Economy,  Gardening  Operations,  &c.  By  AN  OLD  HOUSEKEEPER.  35.  6d.J 

194.  HOUSE  BOOK  (The).  Comprising:—!.  THE  HOUSE  MANAGER. 
119.      By  an  OLD  HOUSEKEEPER.    II.  DOMESTIC  MEDICINE.    By  RALPH  GOODING, 
oy        M.D.    III.  MANAGEMENT  OF  HEALTH.    By  JAMES  BAIRD.     In  One  Vol., 
#     strongly  half-bound.    6s. 

The  t  indicates  that  these  vols.  may  be  had  strongly  bound  at  6(f.  extra. 
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EDUCATIONAL  AND   CLASSICAL  SERIES. 

HISTORY. 

i.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Progress  of  the  English  Constitution.  By 
WILLIAM  DOUGLAS  HAMILTON,  F.S.A.,  of  Her  Majesty's  Public  Record 
Office.  4th  Edition,  revised.  55.  ;  cloth  boards,  6s. 

5.  Greece,  Outlines  of  the  History  of;  in  connection  with  the 

Rise  of  the  Arts  and  Civilization  in  Europe.  By  W.  DOUGLAS  HAMILTON, 
of  University  College,  London,  and  EDWARD  LEVIEN,  M.A.,  of  Balliol 
College,  Oxford.  2s.  6d. ;  cloth  boards,  33.  6d. 

7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  EDWARD  LEVIEN,  of  Balliol  College,  Oxford.  Map,  2s.  6d. ;  cl.  bds.  35. 6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  of  the  World  to  the  Conclusion  of  the  Franco-German  War. 
The  Continuation  by  W.  D.  HAMILTON,  F.S.A.  35.  ;  cloth  boards,  35.  6d. 

50.  Dates  and  Events  in  English  History,  for  the  use  of 

Candidates  in  Public  and  Private  Examinations.    By  the  Rev.  E.  RAND.     is. 


ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar   of  the   English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philology.  By  HYDE 
CLARKE,  D.C.L.  Third  Edition,  is.  6d. 

II*.  Philology  :  Handbook  of  the  Comparative  Philology  of  English, 
Anglo-Saxon,  Frisian,  Flemish  or  Dutch,  Low  or  Platt  Dutch,  High  Dutch 
or  German,  Danish,  Swedish,  Icelandic,  Latin,  Italian,  French,  Spanish,  and 
Portuguese  Tongues.  By  HYDE  CLARKE,  D.C.L.  is. 

12.  Dictionary  of   the  English    Language,   as  Spoken  and 

Written.  Containing  above  100,000  Words.  By  HYDE  CLARKE,  D.C.L. 
33.  6d. ;  cloth  boards,  45. 6d. ;  complete  with  the  GRAMMAR,  cloth  bds.,  55. 6d. 

48.  Composition    and    Punctuation,    familiarly  Explained  for 

those  who  have  neglected  the  .Study  of  Grammar.  By  JUSTIN  BRENAN. 
ijth  Edition.  is.6d. 

49.  Derivative  Spelling-Book:  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  Languages ;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  ROWBOTHAM,  F.R.A.S.  Improved  Edition,  is.  6d. 

51.  The  Art  of  Extempore  Speaking:  Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar.  By  M.  BAUTAIN,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translated  from  the  French.  7th  Edition,  carefully  corrected.  2s.6d. 

52.  Mining  and  Quarrying,  with  the  Sciences  connected  there- 

with. First  Book  of,  for  Schools.  By  J.  H.  COLLINS,  F.G.S.,  Lecturer  to 
the  Miners'  Association  of  Cornwall  and  Devon,  is. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Examinations.    By  the  Rev.  EDGAR  RAND,  B.A.     is. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a  Course 

of.  To  which  is  prefixed,  a  Brief  Treatise  upon  Modern  Chemical  Nomencla- 
ture and  Notation.  By  WM.  W.  PINK  and  GEORGE  E.  WEBSTER,  as. 

THE    SCHOOL    MANAGERS'    SERIES    OF   READING 

BOOKS, 

Adapted  to  the  Requirements  of  the  New  Code.  Edited  by  the  Rev.  A.  R.  GRANT, 
Rector  of  Hitcham,  and  Honorary  Canon  of  Ely ;  formerly  H.M.  Inspector 
of  Schools. 

INTRODVCTORY  PRIMER,  3«. 


s.  d. 

FIRST  STANDARD     .        .06 
SECOND       „  .        .010 

THIRD         „  .        .    i    o 


s.     d. 

FOURTH  STANDARD       .        .       .12 
FIFTH  „  .        .        .    i      6 

SIXTH  „  ...    i      6 


LESSONS  FROM  THE  BIBLE.    Part  I.    Old  Testament,    is. 

LESSONS  FROM  THE  BIBLE.     Part  II.     New  Testament,  to  which  is  added 

THE  GEOGRAPHY  OF  THE  BIBLE,  for  very  young  Children.     By  Kev.  C. 

THORNTON  FORSTER.     is.  2d.    %*  Or  the  Two  Parts  in  One  Volume.   2s. 

7,  STATIONERS'  HALL  COURT,  LUDGATE  HILL,  E.G. 
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FRENCH. 

24.  French   Grammar.     With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.     By  G.  L.  STRAUSS,  Ph.D.     is  6d 

25.  French-English  Dictionary.     Comprising  a  large  number  of 

New  Terms  used  in  Engineering,  Mining,  &c.     By  ALFRED  ELWES      is  6d 

26.  English  French  Dictionary.    By  ALFRED  ELWES.    2s. 
25,26.  French  Dictionary  (as  above).     Complete,  in  One  Vol.,  3-.  • 

cloth  boards,  35.  6d.    \*  Or  with  the  GRAMMAR,  cloth  boards   45.  6d 

47.  French  and  English  Phrase  Book  :  containing  Intro- 
ductory Lessons,  with  Translations,  several  Vocabularies  of  Words,  a  Col- 
lection of  suitable  Phrases,  and  Easy  Familiar  Dialogues,  is. 

GERMAN. 

39.  German   Grammar.      Adapted    for    English    Students,   from 

Heyse's  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  STRAUSS,     is. 

40.  German  Reader :   A  Series  of  Extracts,  carefully  culled  from  the 

most  approved  Authors   of  Germany ;  with  Notes,   Philological   and  Ex- 
planatory.   By  G.  L.  STRAUSS,  Ph.D.    is. 

41.  German  Triglot  Dictionary.     By  NICHOLAS  ESTERHAZY 

S.  A.  HAMILTON.    Part  I.  English-German-French,     is. 

42.  German    Triglot     Dictionary.      Part  II.    German-French- 

English.    IS. 

43.  German   Triglot   Dictionary.       Part  III.    French-German- 

English.    IS. 

41-43.  German  Triglot   Dictionary  (as  above);  in  One  Vol.,  35.; 
cloth  boards,  45.     *#*  Or  with  the  GERMAN  GRAMMAR,  cloth  boards,  55. 

ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a  Course 

of  Exercises.    By  ALFRED  ELWES.     is.  6d. 

28.  Italian  Triglot   Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.     By  ALFRED  ELWES. 
Vol.i.  Italian-English-French,    as.  6d. 

30.  Italian    Triglot     Dictionary.       By  A.  ELWES.      Vol.   2. 

English-French-Italian.     25. 6d. 

32.  Italian  Triglot  Dictionary.     By  ALFRED  ELWES.    Vol.  3. 

French-Italian-English.     as.  6d. 

28,30,  Italian  Triglot  Dictionary  (as  above).    In  One  Vol.,  ;s.  6d. 
32.      Cloth  boards. 

SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form.     With 

a  Course  of  Exercises.    By  ALFRED  ELWES.    is.  6d. 

35.  Spanish-English    and    English-Spanish     Dictionary. 

r,  Engineering,  &c., 
V  ALFRED  ELWES. 
cloth  boards,  6s. 

55.  Portuguese    Grammar,    in    a  Simple  and  Practical    Form. 

With  a  Course  of  Exercises.    By  ALFRED  ELWES.     is.  6d. 

56.  Portuguese-English    and    English-Portuguese    Dic- 

tionary, with  the  Genders  of  each  Noun.    By  ALFRED  ELWES. 

[/«  preparation. 

HEBREW. 

46*.  Hebrew  Grammar     By  Dr.  BRESSLAU.     is.  6d. 

44.  Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical ; 

containing  the  Hebrew  and  Chaldee  Roots  of  the  Old  Testament  Post- 
Rabbinical  Writings.  By  Dr.  BRESSLAU.  6s.    %*  Or  with  the  GRAMMAR,  75. 

46.  English  and  Hebrew  Dictionary.    By  Dr.  BRESSLAU.    35. 
44,46.  Hebrew'  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 

46*.      the  GRAMMAR,  cloth  boards,  123. 

LONDON  :    CROSBY   LOCKWOOD   AND   CO., 
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LATIN. 

19.  Latin  Grammar.     Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.  By  the  Rev.  THOMAS  GOODWIN, 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,  is.  * 

20.  Latin-English  Dictionary.  By  the  Rev.  THOMAS  GOODWIN, 

M.A.    2s. 
22.  English-Latin    Dictionary;    together  with  an  Appendix  of 

French  and  Italian  Words  which  have  their  origin  from  the  Latin.     By  the 
Rev.  THOMAS  GOODWIN',  M.A.    is.  6d. 
20,22.  Latin  Dictionary  (as  above).     Complete  in  One  Vol.,  35.  6d.  ; 

cloth  boards,  43.  6d.    *»*  Or  with  the  GRAMMAR,  cloth  boards,  53.  6d. 

LATIN  CLASSICS.     With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.     Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  YOUNG,     is. 

2.  Caesaris  Commentarii  de  Bello  Gallico.  Notes,  and  a  Geographical 

Register  for  the  Use  of  Schools,  by  H.  YOUNG,     as. 

3.  Cornelius  N  epos.    With  Notes.    By  H.  YOUNG,     is. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.   With  Notes  on  the  Buco- 

lics by  \V.  RUSHTON,  M.A.,  and  on  the  Georgics  by  H.  YOUNG,     is.  6d. 

5.  Virgilii  Maronis  ^Eneis.     With  Notes,  Critical  and  Explanatory, 

by  H.  YOUNG.  New  Edition,  revised  and  improved.  "With  copious  Addi- 
tional Notes  by  Rev.  T.  H.  L.  LEARY,  D.C.L.,  formerly  Scholar  of  Brasenose 
College,  Oxford.  35. 

oks  i.  —  vi., 


Part  i.     Books  i.  —  vi.,  is.  6d. 
part  2.     Books  vii.—  xii.,  as. 


6.  Horace  ;    Odes,   Epode,   and  Carmen  Saeculare.     Notes  by  H. 

YOUNG,    is.  6d. 

7.  Horace;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  BROWN- 

RIGG  SMITH,  M.A.,  F.R.G.S.    is.  6d. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Jugurthinum.   Notes,  Critical 

and  Explanatory,  by  W.  M.  DONNE,  B.A.,  Trin.  Coll.,  Cam.     is.  6d. 

9.  Terentii  Andria  et  Heautontimorum'enos.     With  Notes,  Critical 

and  Explanatory-,  by  the  Rev.  JAMES  DAVIES,  M.A.    is.  6d. 

10.  Terentii  Adelphi,  Hecyra,  Phormio.   Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  JAMES  DAVIES,  M.A.    23. 

11.  Terentii  Eunuchus,  Comcedia.    Notes,  by  Rev.  J.  DAVIES,  M.A. 

is.  6d. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.     Edited,  with  an 

Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  the  Rev. 
JAMES  DAVIES,  M.A.  is. 

13.  Ciceronis    Orationes    in    Catilinam,   Verrem,    et    pro     Archia. 

With  Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  Rev. 
T.  H.  L.  LEARY,  D.C.L.  formerly  Scholar  of  Brasenose  College,  Oxford. 
is.  6d. 

14.  Giceronis  Cato  Major,  Laelius,  Brutus,  sive  de  Senectute,  de  Ami- 

citia,  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  BROVVNRIGG  SMITH, 
»M.A.,  F.R.G.S.  as. 

16.  Livy  :  History  of  Rome.  Notes  by  H.  YOUNG  and  W.  B.  SMITH, 

M.A.     Part  i.    Books  i.,  ii.,  is.  6d. 
16*.  --  Part  2.     Books  iii.,  iv.,  v.,  is.  6d. 

17.  -  Part  3.    Books  xxi.,  xxii.,  is.  6d. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Propertius, 

and  Ovid.   Notes  by  W.  B.  DONNE,  M.A.,  Trinity  College,  Cambridge.    2s. 

20.  Latin  Prose    Selections,  from  Varro,   Columella,   Vitruvius, 

Seneca,  Quintilian,  Florus,  Velleius  Paterculus,  Valerius  Maximus  Sueto- 
nius, Apuleius,  &c.  Notes  by  W.  B.  DONNE,  M.A.  zs. 

21.  Juvenalis  Satiras.     With  Prolegomena  and  Notes  by  T.  H.  S. 

ESCOTT,  B.A.,  Lecturer  on  Logic  at  King's  College,  London.     25. 


7,  STATIONERS'  HALL  COURT,  LUDGATE  HILL,  E.G. 


1 6         WEALE'S  EDUCATIONAL  AND  CLASSICAL  SERIES. 

GREEK. 

14.  Greek  Grammar,  in  accordance  with  the  Principles  and  Philo- 
logical Researches  of  the  most  eminent  Scholars  of  our  own  day.  By  HANS 
CLAUDE  HAMILTON,  is.  6d. 

15,17.  Greek  Lexicon.  Containing  all  the  Words  in  General  Use,  with 
their  Significations,  Inflections,  and  Doubtful  Quantities.  By  HENRY  R. 
HAMILTON.  Vol.  i.  Greek-English,  as. ;  Vol.  2.  English-Greek,  25.  Or  the 
Two  Vols.  in  One,  45. :  cloth  boards,  55. 

14,15.  Greek  Lexicon  (as  above).     Complete,  with  the  GRAMMAR,  in 

17.      One  Vol.,  cloth  boards,  6s. 

GREEK  CLASSICS.     With  Explanatory  Notes  in  English. 
i.  Greek  Delectus.     Containing  Extracts  from  Classical  Authors, 
with  Genealogical  Vocabularies  and  Explanatory  Notes,  byH.  YOUNG.  New 
Edition,  with  an  improved  and  enlarged  Supplementary  Vocabulary,  by  JOHN 
HUTCHISON,  M.A.,  of  the  High  School,  Glasgow,     is.  6d. 

2,3.  Xenophon's  Anabasis;  or,  The  Retreat  of  the  Ten  Thousand. 

Notes  and  a  Geographical  Register,  by  H.  YOUNG.  Part  i.  Books  i.  to  Hi., 
is.  Part  2.  Books  iv.  to  vii.,  is. 

4.  Lucian's  Select  Dialogues.    The  Text  carefully  revised,  with 

Grammatical  and  Explanatory  Notes,  by  H.  YOUNG,     is.  6d. 

5-12.  Homer,  The  Works  of.    According  to  the  Text  of  BAEUMLEIN. 

With  Notes,  Critical  and  Explanatory,  drawn  from  the  best  and  latest 
Authorities,  with  Preliminary  Observations  and  Appendices,  by  T.  H.  L. 
LEARY,  M.A.,  D.C.L. 


THE  ILIAD:         Parti.  Books  i.  to  vi.,  is.6d. 

Part  2.   Books  vii.  to  xii.,  is.6d. 
THE  ODYSSEY  :   Part  i.   Books  i.  to  vi.,  is.  6d 

Part  2.   Books  vii.  to  xii.,  is.  6d. 


Part  3.  Books  xiii.  to  xviii.,  is.  6d. 
Part  4.  Books  xix.  to  xxiv.,  is.  6d. 
Part  3.  Books  xiii.  to  xviii.,  is.  6d. 
Part  4.  Books  xix.  to  xxiv.,  and 
Hymns,  as. 


13.  Plato's  Dialogues :  The  Apology  of  Socrates,  the  Crito,  and 
the  Phaedo.  From  the  Text  of  C.  F.  HERMANN.  Edited  with  Notes,  Critical 
and  Explanatory,  by  the  Rev.  JAMES  DAVIES,  M.A.  25. 

14-17.  Herodotus,  The  History  of,  chiefly  after  the  Text  of  GAISFORD. 

With   Preliminary  Observations  and  Appendices,  and  Notes,  Critical  and 
Explanatory,  by  T.  H.  L.  LEARY,  M.A.,  D.C.L. 

Part  i.     Books  i.,  ii.  (The  Clio  and  Euterpe),  as. 

Part  2.     Books  iii.,  iv.  (The  Thalia  and  Melpomene),  2s. 

Part  3.    Books  v.-vii.  (The  Terpsichore,  Erato,  and  Polymnia),  2s.1! 

Part  4.    Books  viii.,  ix.  (The  Urania  and  Calliope)  and  Index,  is.  6d. 

18.  Sophocles:  CEdipus  Tyrannus.    Notes  by  H.  YOUNG,     is. 

20.  Sophocles:    Antigone.    From  the  Text  of  DINDORF.     Notes, 

Critical  and  Explanatory,  by  the  Rev.  JOHN  MILNER,  B.A.    zs. 

23.  Euripides  :  Hecuba  and  Medea.  Chiefly  from  the  Text  of  DIN- 
DORF. With  Notes,  Critical  and  Explanatory,  by  W.  BROWNRIGG  SMITH, 
M.A.,  F.R.G.S.  is.  6d. 

26.  Euripides :  Alcestis.    Chiefly  from  the  Text  of  DINDORF.   With 

Notes,  Critical  and  Explanatory,  by  JOHN  MILNER,  B.A.     is.  6d. 

30.  -<Eschylus  :  Prometheus  Vinctus  :  The  Prometheus  Bound.  From 
the  Text  of  DINDORF.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
by  the  Rev.  JAMES  DAVIES,  M.A.  is. 

32.  ^Eschylus  :  Septem  Contra  Thebes  :  The  Seven  against  Thebes. 
From  the  Text  of  DINDORF.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  JAMES  DAVIES,  M.A.  is. 

40.  Aristophanes :   Acharnians.     Chiefly  from  the  Text  of  C.  H. 

WEISE.    With  Notes,  by  C.  S.  T.  TOWNSHEND,  M.A.    is.  6d. 

41.  Thucydides :  Histoiy  of  the  Peloponnesian  War.    Notes  by  H. 

YOUNG.    Book  i.    is. 

42.  Xenophon's  Panegyric  on  Agesilaus.    Notes  and  Intro- 
duction by  LL.  F.  W.  JEWITT.    is.  6d.  . 

43.  Demosthenes.     The  Oration  on  the  Crown  and  the  Philippics. 
With  English  Notes.    By  Rev.  T.  H.  L.  LEARY,  D.C.L.,  formerly  Scholar  of 
Brasenose  College,  Oxford,     is.  6d. ^ 
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INCLUDING    MANY   NEW   AND   STANDARD   WORKS   IN 
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ENGINEERING,   SURVEYING,   ETC, 
Hwnbers  New  Work  on  Water-Supply. 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  WILLIAM  HUMBER,  A-M.  Inst. 
C.E.,  and  M.  Inst.  M.E.  Illustrated  with  50  Double  Plates^ 
i  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  250  Wood- 
cuts,  and  containing  400  pages  of  Text,  Imp.  4*0,  6/.  6^.  elegantly 
and  substantially  half-bound  in  morocco. 

List  of  Contents  '. — 

I.  Historical  Sketch  of  some  of  the  |  Machinery.— XII.  Conduits.— XIII.  pis- 
means  that  have  been  adopted  for  the 
Supply  of  Water  to  Cities  and  Towns. — 
II.  Water  and  the  Foreign  Matter  usually 
associated  with  it. — III.  Rainfall  and 
Evaporation. — IV.  Springs  and  the  water- 
bearing formations  of  various  districts. — 
V.  Measurement  and  Estimation  of  the 
Flow  of  Water.— VI.  On  the  Selection  of 
the  Source  of  Supply.— VII.  Wells.— 
VIII  Reservoirs.— IX.  The  Purification 
of  Water.— X.  Pumps.— XI.  Pumping 


tribution  of  Water.— XIV.  Meters,  Ser- 
vice Pipes,  and  House  Fittings.— XV.  The 
Law  and  Economy  of  Water  Works. — 
XVI.  Constant  and  Intermittent  Supply. 
—XVII.  Description  of  Plates.— Appen 
dices,  giv- --"-  "  -  -c  "  —  -e 
Velocities, 

cations  of  several  Works  illustrated,  amo 
which  will  b«  found  : — Aberdeen,  Bideford, 
Canterbury,  Dundee,  Halifax,  Lambeth, 
Rotherham,  Dublin,  and  others. 


giving  Tables  of  Rates  of  Supply, 
ities,  &c.  &c. ,  together  with  Specifi- 


"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in 
English,  or  in  any  other  language  ....  Mr.  Humbert  work  is  characterised  almost 
throughout  by  an  exhaustiveness  much  more  distinctive  of  French  and  German  than 
of  English  technical  treatises." — Engineer. 

Humberts  Great  Work  on  Bridge  Construction. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  including 
Iron  Foundations.  In  Three  Parts — Theoretical,  Practical,  and 
Descriptive.  ByWiLLiAM  HUMBER,  A-M.  Inst.  C.E.,  and  M.  Inst. 
M.E.  Third  Edition,  with  115  Double  Plates.  In  2  vols.  imp.  4to, 
6/.  i6j.  6d.  half-bound  in  morocco. 
"A  book — and  particularly  a  large  and  costly  treatise  like  Mr.  Humber's — which 

has   reached   its  third   edition   may  certainly  be  said  to  have  established  its  own 

reputation." — Engineering. 
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Humbe^s  Modern  Engineering. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING.  First  Series.  Comprising  Civil,  Mechanical,  Marine,  Hy- 
draulic, Railway,  Bridge,  and  other  Engineering  Works,  &c.  By 
WILLIAM  HUMBER,  A-M.  lust  C.E.,  &c.  Imp.  4to,  with 
36  Double  Plates,  drawn  to  a  large  scale,  and  Portrait  of  John 
Hawksliaw  C.E.^F.R.S.,  &c.,  and  descriptive  Letter-press,  Speci- 
fications, £c.  3/.  3-r.  half  morocco. 

List  of  the  Plates  and  Dia 
Victoria  Station  and  Roof,  L.  B.  &  S. 

C.  R.  (8 plates);  Southport  Pier  (2  plates); 

Victoria  Station  and  Roof,  L.  C.  &  D.  and 

G.  W.  R.  (6  plates)  ;  Roof  of  Cremorne 

Music  Hall ;  Bridge  over  G.  N.  Railway  ; 

Roof  of  Station,  Dutch  Rhenish  Rail  (-2 


tag  ranis . 

plates);  Bridge  over  the  Thames,  West 
London  Extension  Railway  (5  plates)  ;  Ar- 
mour Plates  ;  Suspension  Bridge,  Thames 
(4  plates) :  The  Allen  Engine  ;  Suspension 
Bridge,  Avon  (3  plates) ;  Underground 
Railway  (3  plates). 
"  Handsomely  lithographed  and  printed.  It  will  find  favour  with  many  who  desire 


to  preserve  in  a  permanent  form  copies  of  the  plans  and  specifications  prepared  for  the 
guidance  of  the  contractors  for  many  important  engineering  works." — Engineer. 

HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Second 
Series.  Imp.  4to,  with  36  Double  Plates,  Portrait  of  Robert  Ste- 
phenson,  C.E.,  &c.,  and  descriptive  Letterpress,  Specifications, 
&c.  3/.  3-r.  half  morocco. 

List  of  the  Plates  and  Diagrams. 


Birkenhead  Docks,  Low  Water  Basin 
(15  plates)  ;  Charing  Cross  Station  Roof, 
C.  C.  Railway  (3  plates)  ;  Digswell  Via- 
duct, G.  N.  Railway  ;  Robbery  Wood 
Viaduct,  G.  N.  Railway  ;  Iron  Permanent 
Way  ;  Clydach  Viaduct,  Merthyr,  Tre- 
degar,  and  Abergavenny  Railway  ;  Ebbw 

HUMBER'S  RECORD  OF  MODERN 


Viaduct/Merthyr,  Tredegar,  and  Aberga- 


venny Railway  ;  College  Wood  Viaduct, 
Cornwall  Railway  ;  Dublin  Winter  Palace 
Roof  (3  plates)  ;  Bridge  over  the  Thames, 
L.  C.  and  D.  Railway  (6  plates)  ;  Albert 
Harbour,  Greenock  (4  plates). 


ENGINEERING.  Third 
Series.  Imp.  4to,  with  40  Double  Plates,  Portrait  of  J.  R.  M 'Clean, 
Esq.,  late  Pres.  Inst.  C.E.,  and  descriptive  Letterpress,  Specifica- 
tions, &c.  3/.  3-r.  half  morocco. 

List  of  the  Plates  and  Diagrams. 

MAIN  DRAINAGE,  METROPOLIS.  —  j  Branch  (2  plates) ;  Outfall  Sewer,  Reser- 
'orth  Side. — Map  showing  Interception  voir  and  Outlet  (4  plates)  ;  Outfall  Sewer, 
of  Sewers  ;  Middle  Level  Sewer  (2  plates) ;  |  Filth  Hoist ;  Sections  of  Sewers  (North 

and  South  Sides). 

THAMES  EMBANKMENT. —  Section  of 
River  Wall ;  Steamboat  Pier,  Westminster 
(2  plates) ;  Landing  Stairs  between  Cha- 
ring Cross  and  Waterloo  Bridges  ;  York 
Gate  (2  plates)  ;  Overflow  and  Outlet  at 
Savoy  Street  Sewer  (3  plates)  ;  Steamboat 
Pier,  Waterloo  Bridge  (3  plates) ;  Junc- 
tion of  Sewers,  Plans  and  Sections ;  Gullies, 
Plans  and  Sections  ;  Rolling  Stock  ;  Gra- 


Outfall  Sewer,  Bridge  over  River  Lea  (3 
plates);  Outfall  Sewer,  Bridge  over  Marsh 
Lane,  North  Woolwich  Railway,  and  Bow 
and  Barking  Railway  Junction  ;  Outfall 
Sewer,  Bridge  over  Bow  and  Barking 
Railway  (3  plates);  Outfall  Sewer,  Bridge 
over  East  London  Waterworks'  Feeder 
(2  plates) ;  Outfall  Sewer,  Reservoir  (2 
plates) ;  Outfall  Sewer,  Tumbling  Bay 
and  Outlet ;  Outfall  Sewer,  Penstocks. 


South  Side. — Outfall  Sewer,  Bermondsey  |  nite  and  Iron  Forts. 

HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Fourth 
Series.  Imp.  4to,  with  36  Double  Plates,  Portrait  of  John  Fowler, 
Esq.,  late  Pres.  Inst.  C.E.,  and  descriptive  Letterpress,  Specifica- 
tions, &c.  3/.  3-r.  half  morocco. 

List  of  the  Plates  and  Diagrams. 


Abbey  Mills  Pumping  Station,  Main 
Drainage,  Metropolis  (4  plates) ;  Barrow 
Docks  (5  plates)  ;  Manquis  Viaduct,  San- 
tiago and  Valparaiso  Railway  (2  plates) ; 
Adam's  Locomotive,  St.  Helen's  Canal 
Railway  (2  plates) ;  Cannon  Street  Station 
Roof,  Charing  Cross  Railway  (3  plates)  ; 
Road  Bridge  over  the  River  Moka  (2 
plates) ;  Telegraphic  Apparatus  for  Meso- 


potamia ;  Viaduct  over  the  River  Wye, 
Midland  Railway  (3  plates);  St.  German's 
Viaduct,  Cornwall  Railway  (2  plates)  ; 
Wrought- Iron  Cylinder  for  Diving  Bell  ; 
Millwall  Docks  (6  plates) ;  Milroy's  Patent 
Excavator,  Metropolitan  District  Railway 
(6  plates) ;  Harbours,  Ports,  and  Break- 
waters (3  plates). 
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Strains,  Formula  &  Diagrams  for  Calculation  of. 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 
in  GIRDERS  and  SIMILAR  STRUCTURES,  and  their 
STRENGTH  ;  consisting  of  Formulae  and  Corresponding  Diagrams, 
with  numerous  Details  for  Practical  Application,  &c.  By  WILLIAM 
HUMBER,  A-M.  Inst.  C.E.,  &c.  Third  Edition.  With  nearly 
100  Woodcuts  and  3  Plates,  Crown  8vo,  yj.  6d.  cloth. 
"The  arrangement  of  the  matter  in  this  little  volume  is  as  convenient  as  it  well 

could  be The  system  of  employing  diagrams  as  a  substitute  for  complex 

computations  is  one  justly  coming  into  great  favour,  and  in  that  respect  Mr.  Humber's 
volume  is  fully  up  to  the  times." — Engineering. 
"  The  formulae  are  neatly  expressed,  and  the  diagrams  good."-—Atfienaum. 

Strains. 

THE    STRAINS    ON    STRUCTURES    OF    IRONWORK; 

with  Practical  Remarks  on  Iron  Construction.    By  F.  W.  SHEILDS, 

M.  Inst.  C.E.   Second  Edition,  with  5  Plates.   Royal  8vo,  5-r.  cloth. 

"  The  student  cannot  find  a  better  little  book  on  this  subject  than  that  written  by 

Mr.  Sheilds." — Engineer. 

Barlow  on  the  Strength  of  Materials,  enlarged. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Rules  for  application  in  Architecture,  the  Construction  of 
Suspension  Bridges,  Railways,  &c.  ;  and  an  Appendix  on  the 
Power  of  Locomotive  Engines,  and  the  effect  of  Inclined  Planes 
and  Gradients.  By  PETER  BARLOW,  F.R.S.  A  New  Edition, 
revised  by  his  Sons,  P.  W.  BARLOW,  F.R.S.,  and  W.  H.  BARLOW, 
F.R.S.  The  whole  arranged  and  edited  by  W.  HUMBER,  A-M. 
Inst.  C.E.  8vo,  400  pp.,  with  19  large  Plates,  i8j.  cloth. 

"The  best  book  on  the  subject  which  has  yet  appeared We  know  of 

no  work  that  so  completely  fulfils  its  mission." — English  Mechanic. 
"The  standard  treatise  upon  this  particular  subject." — Engineer. 

Strength  of  Cast  Iron,  &c. 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS.  By  THOMAS  TREDGOLD,  C.E.  Fifth 
Edition.  To  which  are  added,  Experimental  Researches  on  the 
Strength  and  other  Properties  of  Cast  Iron,  by  E.  HODGKINSON, 
F.R.S.  With  9  Engravings  and  numerous  Woodcuts.  8vo,  I2J. 
cloth.  %*  HODGKINSON'S  RESEARCHES,  separate,  price  6s. 

Hydraulics. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULA 
for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs, 
Pipes,  and  Rivers.  With  New  Formulae,  Tables,  and  General 
Information  on  Rain-fall,  Catchment-Basins,  Drainage,  Sewerage, 
Water  Supply  for  Towns  and  Mill  Power.  By  JOHN  NEVILLE, 
Civil  Engineer,  M.R.I. A.  Third  Edition,  carefully  revised,  with 
considerable  Additions.  Numerous  Illustrations.  Cr.  8vo,  14*.  cloth. 

"Undoubtedly  an  exceedingly  useful  and  elaborate  compilation."— Iron. 

"  Alike  valuable  to  students  and  engineers  in  practice." — Mining  Journal. 

River  Engineering. 

RIVER  BARS  :  Notes  on  the  Causes  of  their  Formation,  and  on 
their  Treatment  by  Induced  Tidal  Scour,  with  a  Description  of  the 
Successful  Reduction  by  this  Method  of  the  Bar  at  Dublin.  By 
I.  J.  MANN,  Assistant  Engineer  to  the  Dublin  Port  and  Docks 
Board,  With  Illustrations.  Demy  8vo.  [/«  the  press. 

B   2 


4        WORKS  IN  ENGINEERING,   SURVEYING,   ETC., 

Levelling. 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING  j  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Engineering,  in  the  Construction  of  Roads  ;  with  Mr. 
TELFORD'S  Rules  for  the  same.  By  FREDERICK  W.  SIMMS, 
F.G.S.,  M.  Inst.  C.E.  Sixth  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  LAW'S  Practical  Examples  for  Setting  out 
Railway  Curves,  and  Mr.  TRAUTWINE'S  Field  Practice  of  Laying 
out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts.  8vo, 
&r.  6d.  cloth.  %*  TRAUTWINE  on  Curves,  separate,  5^. 

"  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges."— 
Engineer. 

Practical  Tunnelling, 

PRACTICAL  TUNNELLING:  Explaining  in  detail  the  Setting 
out  of  the  Works,  Shaft-sinking  and  Heading-Driving,  Ranging 
the  Lines  and  Levelling  under  Ground,  Sub-Excavating,  Timbering, 
and  the  Construction  of  the  Brickwork  of  Tunnels  with  the  amount 
of  labour  required  for,  and  the  Cost  of,  the  various  portions  of  the 
work.  By  F.  W.  SIMMS,  M.  Inst.  C.E.  Third  Edition,  Revised 
and  Extended.  By  D.  KINNEAR  CLARK,  M.I. C.E.  Imp.  8vo, 
with  21  Folding  Plates  and  numerous  Wood  Engravings,  30^.  cloth. 
"  It  has  been  regarded  from  the  first  as  a  text-book  of  the  subject.  .  .  .  Mr.  Clark 
has  added  immensely  to  the  value  of  the  book. " — Engineer. 

Steam. 

STEAM  AND  THE  STEAM  ENGINE,  Stationary  and  Port- 
able. Being  an  Extension  of  Sewell's  Treatise  on  Steam.  By  D. 
KINNEAR  CLARK,  M.I. C.E.  Second  Edition.  I2mo,  qs.  cloth. 

Civil  and  Hydraulic  Engineering. 

CIVIL  ENGINEERING  (THE  RUDIMENTS  OF).  By 
HENRY  LAW,  M.  Inst.  C.E.  Including  a  Treatise  on  Hydraulic 
Engineering,  by  GEORGE  R.  BURNELL,  M.I. C.E.  Sixth  Edition, 
Revised,  with  large  additions  on  Recent  Practice  in  Civil  Engineer- 
ing, by  D.  KINNEAR  CLARK,  M.  Inst.  C.E.  [/«  the  press. 

Gas-L  ighting. 

COMMON  SENSE  FOR  GAS-USERS  :  a  Catechism  of  Gas- 
Lighting  for  Householders,  Gasfitters,  Millowners,  Architects, 
Engineers,  &c.  By  R.  WILSON,  C.E.  2nd  Edition.  Cr.  8vo,  2s.  6d. 

Bridge  Construction  in  Masonry ',  Timber,  &  Iron. 

EXAMPLES   OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION OF  MASONRY,  TIMBER,  AND  IRON  ;  consisting  of 
46  Plates  from  the  Contract  Drawings  or  Admeasurement  of  select 
Works.     By  W.  DAVIS  HASKOLL,  C.E.     Second  Edition,  with 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
with  6  pages  of  Diagrams.      Imp.  4to,  2/.  12s.  6d.  half- morocco. 
"A  work  of  the  present  nature  by  a  man  of  Mr.  Haskoll's  experience,  must  prove 
invaluable.    The  tables  of  estimates  considerably  enhance  its  value." — Engineering. 

Earthwork. 

EARTHWORK  TABLES,  showing  the  Contents  in  Cubic  Yards 
of  Embankments,  Cuttings,  &c.,  of  Heights  or  Depths  up  to  an 
average  of  80  feet.  By  JOSEPH  BROADBENT,  C.  E.,  and  FRANCIS 
CAMPIN,  C,E.  Cr.  8vo,  oblong,  5-r.  cloth. 
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Tramways  and  their    Working. 

TRAMWAYS  :  their  CONSTRUCTION  and  WORKING. 
Containing  a  Comprehensive  History  of  the  System ;  an  exhaus- 
tive Analysis  of  the  Various  Modes  of  Traction,  including  Horse 
Power,  Steam,  Heated  Water,  and  Compressed  Air ;  a  Description 
of  the  varieties  of  Rolling  Stock  ;  and  ample  Details  of  Cost  and 
Working  Expenses,  with  Special  Reference  to  the  Tramways  of  the 
United  Kingdom.  By  D.  KINNEAR  CLARK,  M.  I.  C.  E.,  Author 
of  '  Railway  Machinery,'  &c.,  in  one  vol.  8vo,  with  numerous  Illus- 
trations and  thirteen  folding  Plates,  i8s.  cloth. 

"  All  interested  in  tramways  must  refer  to  it,  as  all  railway  engineers  have  turned 
to  the  author's  work  '  Railway  Machinery.'" — The  Engineer. 

"  Mr.  Clark's  book  is  indispensable  for  the  students  of  the  subject." — The  Builder. 

Pioneer  Engineering. 

PIONEER  ENGINEERING.     A  Treatise  on  the  Engineering 
Operations  connected  with  the  Settlement  of  Waste  Lands  in  New 
Countries.     By  EDWARD  DOBSON,   A.I.C.E.     With  Plates  and 
Wood  Engravings.     Revised  Edition.      I2mo,  $s.  cloth. 
"  A  workmanlike  production,  and  one  without  possession  of  which  no  man  should 
start  to  encounter  the  duties  of  a  pioneer  engineer." — Athena-inn. 

"There  is  much  in  the  book  to  render  it  very  useful  to  an  engineer  proceeding  to 
the  colonies." — Engineer. 

Steam  Engine. 

TEXT-BOOK  ON   THE    STEAM    ENGINE.      By    T.    M. 
GOODEVE,  M.A.,  Barrister-at-Law,    Author  of  "The  Principles 
of   Mechanics,"    "The   Elements  of   Mechanism,"   &c.      Third 
Edition.     With  numerous  Illustrations.     Crown  8vo,   6s.  cloth. 
"  Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine,  which  will  bear 
comparison  with  anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no 
higher  praise." — Engineer. 

"  Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  engineer  should  pos- 
sess himself." — Mining  Journal. 

Steam. 

THE  SAFE  USE  OF  STEAM  :  containing  Rules  for  Unpro- 
fessional Steam  Users.  By  an  ENGINEER.  4th  Edition.  Sewed,  6d. 

"  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would 
become  sensations  by  their  rarity."— English  Mechanic* 

Works  of  Construction. 

MATERIALS  AND  CONSTRUCTION  :  a  Theoretical  and 
Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of 
Works  of  Construction.  By  FRANCIS  CAMPIN,  C.E.,  Author  of 
"A  Practical  Treatise  on  Mechanical  Engineering  ;  "  "  The  Prin- 
ciples and  Construction  of  Machinery,"  &c.  With  Numerous 
Illustrations.  I2mo,  -$s.  6</.  cloth  boards.  \Just  published. 

Iron  Bridges,  Girders,  Roofs,  &c. 

A  TREATISE  ON  THE  APPLICATION  OF  IRON 
TO  THE  CONSTRUCTION  OF  BRIDGES,  GIRDERS, 
ROOFS,  AND  OTHER  WORKS.  By  FRANCIS  CAMPIN,  C.E. 
Second  Edition,  Revised  and  Corrected.  I2mo,  3^-.  cloth. 

Construction  of  Iron  Beams,  Pillars,  &c. 

IRON  AND  HEAT  ;  exhibiting  the  Principles  concerned  in  the 
construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the 
Action  of  Heat  in  the  Smelting  Furnace,  By  J.  ARMOUR,  C,E.  3*. 
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Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  JOHN  HART.  3rd  Ed.  Imp.  8vo,  Ss.  cloth. 

Oblique  Bridges. 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,  with  13  large  Plates.  By  the  late  GEO.  WATSON 
BUCK,  M.I.  C.E.  Third  Edition,  revised  by  his  Son,  J.  H.  WATSON 
BUCK,  M.I. C.E.  ;  and  with  the  addition  of  Description  to  Dia- 
grams for  Facilitating  the  Construction  of  Oblique  Bridges,  by 
W.  H.  BARLOW,  M.  I.  C.  E.  Royal  8vo,  1 2s.  cloth.  \Justpublished. 

"The  standard  text  book  for  all  engineers  regarding  skew  arches  is  Mr.  Buck's 
treatise  and  it  would  be  impossible  to  consult  a  better." — Engineer. 

Gas  and  Gasivorks. 

THE  CONSTRUCTION  OF  GASWORKS  AND  THE 
MANUFACTURE  AND  DISTRIBUTION  OF  COAL-GAS. 
Originally  written  by  SAMUEL  HUGHES,  C.E.  Sixth  Edition. 
Re-written  and  much  Enlarged,  by  WILLIAM  RICHARDS,  C.E. 
With  J'2  Woodcuts.  I2mo,  5,?.  cloth  boards.  \Jitst  published. 

Waterworks  for  Cities  and  Towns. 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 
with  a  Description  of  the  Principal  Geological  Formations  of  Eng- 
land as  influencing  Supplies  of  Water.  By  S.  HUGHES.  4^.  6d,  cloth. 

Locomotive-Engine  Driving. 

LOCOMOTIVE-ENGINE  DRIVING  ;  a  Practical  Manual  for 
Engineers    in    charge    of   Locomotive    Engines.      By   MICHAEL 
REYNOLDS,  M.S.E.,   formerly  Locomotive  Inspector  L.  B.  and 
S.   C.   R.       Fourth   Edition,   greatly   enlarged.      Comprising    A 
KEY    TO    THE    LOCOMOTIVE   ENGINE.     With  Illustra- 
tions and  Portrait  of  Author.      Crown  Svo,  4^.  6d.  cloth. 
"  Mr.  Reynolds  deserves  the  title  of  the  engine  driver's  friend." — Railway  News. 
11  Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  it  well.   We  can  confidently 

recommend  the  book  not  only  to  the  practical  driver,  but  to  every  one  who  takes  an 

interest  in  the  performance  of  locomotive  engines." — Engineer. 

The  Engineer,  Fireman,  and  Engine-Boy. 

THE    MODEL    LOCOMOTIVE    ENGINEER,    FIREMAN, 
AND    ENGINE-BOY  :    comprising  a  Historical  Notice  of  the 
Pioneer  Locomotive  Engines  and  their  Inventors,  with  a  project 
for  the  establishment  of  Certificates  of  Qualification  in  the  Running 
Service    of   Railways.      By    MICHAEL    REYNOLDS,    Author   of 
"  Locomotive- Engine  Driving."     Crown  Svo,  4^.  6d.  cloth. 
"  From  the  technical  knowledge  of  the  author  it  will  appeal  to  the  railway  man  of 
to-day  more  forcibly  than  anything  written  by  Dr.  Smiles." — English  Mechanic. 

Stationary  Engine  Driving. 

STATIONARY  ENGINE  DRIVING.  A  Practical  Manual  for 
Engineers  in  Charge  of  Stationary  Engines.  By  MICHAEL  REY- 
NOLDS ("  The  Engine-Driver's  Friend"),  Author  of  "Locomo- 
tive Engine  Driving,"'  &c.  With  Plates  and  Woodcuts,  and  Steel 
Portrait  of  James  Watt.  Crown  Svo,  4^.  6^.  cloth.  [Just  published, 

Engine- Driving  Life. 

ENGINE-DRIVING  LIFE  ;  or  Stirring  Adventures  and  Inci- 
dents in  the  Lives  of  Locomotive  Engine-Drivers.  By  MICHAEL 
REYNOLDS,  Crown  Svo,  2s,  cloth.  {Just  published. 
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Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  Fire-Proof  Buildings,  and  the  Preservation  of 
Life  from  Fire;  Statistics  of  the  Fire  Appliances  in  English 
Towns  ;  Foreign  Fire  Systems  ;  Hints  on  Fire  Brigades,  &c.,  &c. 
By  CHARLES  F.  T.  YOUNG,  C.E.  With  numerous  Illustrations, 
handsomely  printed,  544  pp.,  demy  8vo,  I/.  4^.  cloth. 
"  We  can  most  heartily  commend  this  book." — Engineering. 

"Mr.  Young's  book  on  'Fire  Engines  and  Fire  Brigades'  contains  a  mass  of 
information,  which  has  been  collected  from  a  variety  of  sources.  The  subject  is  so 
intensely  interesting  and  useful  that  it  demands  consideration." — Building  News. 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical and  Topographical  Maps  and  Plans,  Military  Recon- 
naissance, Levelling,  &c.,  with  the  most  useful  Problems  in  Geodesy 
and  Practical  Astronomy.  By  LIEUT. -GEN.  FROME,  R.E.,  late  In- 
spector-General of  Fortifications.  Fourth  Edition,  Enlarged,  and 
partly  Re-written.  By  CAPTAIN  CHARLES  WARREN,  R.E.  With 
19  Plates  and  115  Woodcuts,  royal  8vo,  i6s.  cloth. 

Tables  of  Curves. 

TABLES    OF   TANGENTIAL  ANGLES  and  MULTIPLES 
for  setting  out  Curves  from  5  to  200  Radius.     By  ALEXANDER 
BEAZELEY,  M.  Inst.  C.E.    Second  Edition.    Printed  on  48  Cards, 
and  sold  in  a  cloth  box,  waistcoat-pocket  size,  $s.  6d. 
"  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves 

the  hands  free  to  manipulate  the  instrument — no  small  advantage  as  regards  the  rapidity 

of  work." — Engineer. 

"  Very  handy  ;  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these 

cards,   which  he  puts  into    his    own  card-case,  and   leaves  the    rest  behind." — 

A  thenceuin. 

Engineering  Fieldwork. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
applied  to  Land  and  Hydraulic,  Hydrographic,  and  Submarine 
Surveying  and  Levelling.  Second  Edition,  revised,  with  consider- 
able additions,  and  a  Supplement  on  WATERWORKS,  SEWERS, 
SEWAGE,  and  IRRIGATION.  By  W.  DAVIS  HASKOLL,  C.E. 
Numerous  folding  Plates.  In  One  Volume,  demy  8vo,  I/.  5^., 
cloth  boards. 

Large   Tunnel  Shafts. 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 
A  Practical  and  Theoretical  Essay.  By  J.  H.  WATSON  BUCK, 
M.  Inst.  C.E.,  Resident  Engineer,  London  and  North- Western 
Railway.  Illustrated  with  Folding  Plates.  Royal  8vo,  12s. 
cloth.  \_Justpublished. 

"  Many  of  the  methods  given  are  of  extreme  practical  value  to  tke  mason,  and  the 
observations  on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construc- 
tion of  the  templates,  will  be  found  of  considerable  use.  We  commend  the  book  to 
the  engineering  profession,  and  to  all  who  have  to  build  similar  shafts." — Building 
News. 

"Will  be  regarded  by  civil  engineers  as  of  the  utmost  value,  and  calculated  to  save 
much  time  wad  obviate  many  mistakest"—  Colliery  Guardian^ 
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Survey  Practice. 

AID  TO  SURVEY  PRACTICE  :   for  Reference  in  Surveying, 

Levelling,  Setting-out  and  in  Route  Surveys  of  Travellers  by  Land 

and  Sea.     With  Tables,    Illustrations,  and  Records.     By  Lowis 

D'A.  JACKSON,  A-M.I.C.E.     Author  of  "Hydraulic  Manual  and 

Statistics,"   "  Canal  and  Culvert  Tables,"  £c.     Large  crown,  Svo, 

12s.  6</.,  cloth.  [Just  published. 

"  Mr.  Jackson  has  produced  a  valuable  vade-mecum  for  the  surveyor.     We  can 

recommend  this  book  as  containing  an  admirable  supplement  to  the  teaching  of  the 

accomplished  surveyor." — A thencenm. 

"  A  general  text  book  was  wanted,  and  we  are  able  to  speak  with  confidence  of 
Mr.  Jackson's  treatise.  .  .  .  We  cannot  recommend  to  the  student  who  knows 
something  of  the  mathematical  principles  of  the  subject  a  better  course  than  to  fortify 
his  practice  in  the  field  under  a  competent  surveyor  with  a  study  of  Mr.  Jackson's 
useful  manual.  The  field  records  illustrate  every  kind  of  survey,  and  will  be  found 
an  essential  aid  to  the  student." — Building  News. 

"  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  expe- 
rience which,  aided  by  a  clear  and  lucid  style  of  writing,  renders  the  book  both  a  very 
useful  one  and  very  agreeable  to  read." — Bidlder. 


Sanitary  Won 

SANITARY  WORK  IN  THE   SMALLER    TOWNS    AND 

IN  VILLAGES.     Comprising  : — I.   Some  of  the  more  Common 

Forms  of  Nuisance  and  their  Remedies  ;  2.  Drainage ;  3.  Water 

Supply.  By  CHAS.  SLAGG,  Assoc.  Inst.  C.E.   Crown  Svo,  3*.  cloth. 

"A  very  useful  book,  and  may  be  safely  recommended.     The  author  has  had 

practical  experience  in  the  works  of  which  he  treats." — Builder. 

Locomotives. 

LOCOMOTIVE  ENGINES,  A  Rudimentary  Treatise  on.    Com- 
prising an  Historical  Sketch  and  Description  of  the  Locomotive 
Engine.     By  G.  D.  DEMPSEY,  C.E.    With  large  additions  treat- 
ing of  the  MODERN  LOCOMOTIVE,  by  D.  KINNEAR  CLARK,  C.E., 
M.I.C.E.,  Author  of  "Tramways,  their  Construction  and  Working," 
£c.,  &c.   With  numerous  Illustrations.   I2mo.  3^.  6d.  cloth  boards. 
"The  student  cannot  fail  to  profit  largely  by  adopting  this  as  his  preliminary  text- 
book."— Iron  and  Coal  Trades  Review. 

"  Seems  a  model  of  what  an  elementary  technical  book  should  be." — Academy. 

F^lels  and  their  Economy. 

FUEL,  its  Combustion  and  Economy  ;  consisting  of  an  Abridg- 
ment of  "A  Treatise  on  the  Combustion  of  Coal  and  the  Prevention 
of  Smoke."     By  C.  W.  WILLIAMS,  A. I. C.E.     With  extensive 
additions  on  Recent  Practice  in  the  Combustion  and  Economy  of 
Fuel— Coal,  Coke,   Wood,  Peat,    Petroleum,  &c.  ;   by  D.   KIN- 
NEAR  CLARK,  C.E.,  M.I.C.E.      Second  Edition,  revised.     With 
numerous  Illustrations.      I2mo.  4-r.  cloth  boards.     [Jusi published. 
"  Students  should  buy  the  book  and  read  it,  as  one  of  the  most  complete  and  satis- 
factory treatises  on  the  combustion  and  economy  of  fuel  to  be  had." — Engineer. 

Roads  and  Streets. 

THE  CONSTRUCTION  OF  ROADS  AND  STREETS.  In 
Two  Parts.  I.  The  Art  of  Constructing  Common  Roads.  By 
HENRY  LAW,  C.E.  Revised  and  Condensed  by  D.  KINNEAR 
CLARK,  C.E. — II.  Recent  Practice  in  the  Construction  of  Roads 
and  Streets  :  including  Pavements  of  Stone,  Wood,  and  Asphalte. 
By  D.  KINNEAR  CLARK,  C.E.,  M.I.C.E.  Second  Edition, 
revised.  I2mo,  5-r.  cloth. 
"  A  book  which  every  borough  surveyor  and  engineer  must  possess,  and  which  will 

be  of  considerable  service  to  architects,  builders,  and  property  owners  generally."— 

Building  News. 
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Sewing  Machine  (The]. 

SEWING  MACHINERY  ;  being  a  Practical  Manual  of  the 
Sewing  Machine,  comprising  its  History  and  Details  of  its  Con- 
struction, with  full  Technical  Directions  for  the  Adjusting  of  Sew- 
ing Machines.  By  J.  W.  URQUHART,  Author  of  "Electro 
Plating:  a  Practical  Manual;"  "Electric  Light:  its  Production 
and  Use."  With  Numerous  Illustrations.  I2mo,  2s.  6d.  cloth 
boards.  \Just  published. 

Field-Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  and  CON- 
TRACTOR'S  FIELD-BOOK.  By  W.  DAVIS  HASKOLL,  C.E. 
Consisting  of  a  Series  of  Tables,  with  Rules,  Explanations  of 
Systems,  and  Use  of  Theodolite  for  Traverse  Surveying  and  Plotting 
the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only ;  Levelling  with  the  Theodolite,  Casting  out  and  Re- 
ducing Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary 
manner;  Setting  out  Curves  with  the  Theodolite  by  Tangential 
Angles  and  Multiples  with  Right  and  Left-hand  Readings  of  the 
Instrument ;  Setting  out  Curves  without  Theodolite  on  the  System 
of  Tangential  Angles  by  Sets  of  Tangents  and  Offsets ;  and  Earth- 
work Tables  to  80  feet  deep,  calculated  for  every  6  inches  in  depth. 
With  numerous  woodcuts.  4th  Edition,  enlarged.  Cr.  8vo.  I2s.  cloth. 
"  The  book  is  very  handy,  and  the  author  might  have  added  that  the  separate  tables 

of  sines  and  tangents  to  every  minute  will  make  it  useful  for  many  other  purposes,  the 

genuine  traverse  tables  existing  all  the  same." — Athenceum. 

"  Cannot  fail,  from  its  portability  and  utility,  to  be  extensively  patronised  by  the 

engineering  profession/' — Mining  Journal. 

Earthwork,  Measiirement  and  Calculation  of. 

A  MANUAL  on  EARTHWORK.  By  ALEX.  J.  S.  GRAHAM, 
C.E.,  Resident  Engineer,  Forest  of  Dean  Central  Railway.  With 
numerous  Diagrams.  i8mo,  2s.  6d.  cloth. 

"  As  a  really  handy  book  for  reference,  we  know  of  no  work  equal  to  it ;  and  the 
railway  engineers  and  others  employed  in  the  measurement  and  calculation  of  earth- 
work will  find  a  great  amount  of  practical  information  very  admirably  arranged,  and 
available  for  general  or  rough  estimates,  as  well  as  for  the  more  exact  calculations 
required  in  the  engineers'  contractor's  offices." — Artizan. 

Drawing  for  Engineers,  &c. 

THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  JOHN  MAXTON,  Instructor  in  Engineering 
Drawing,  Royal  Naval  College,  Greenwich,  formerly  of  R.  S.  N.  A., 
South  Kensington.  Fourth  Edition,  carefully  revised.  With  upwards 
of  300  Plates  and  Diagrams.  I2mo,  cloth,  strongly  bound,  4-r. 

"  A  copy  of  it  should  be  kept  for  reference  in  every  drawing  office." — Engineering. 

"  Indispensable  for  teachers  of  engineering  drawing." — Mechanics'  Magazine. 

Weales  Dictionary  of  Terms. 

A    DICTIONARY  of   TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,    METALLURGY, 
ARCHAEOLOGY,  the  FINE  ARTS,   &c.     By  JOHN  WEALE. 
Fifth  Edition,  revised  by  ROBERT  HUNT,  F.R.S.,  Keeper  of  Mining 
Records,  Editor  of  "  Ure's  Dictionary  of  Arts."    I2mo,  6s.  cl.  bds. 
"  The  best  small  technological  dictionary  in  the  language." — Architect. 
"  The  absolute  accuracy  of  a  work  of  this  character  can  only  be  judged  of  after 
extensive  consultation,  and  from  our  examination  it  appears  very  correct  and  very 
complete." — Mining  Journal. 
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MINING,  METALLURGY,   ETC. 
Metalliferous  Minerals  and  Mining. 

A  TREATISE  ON  METALLIFEROUS   MINERALS   AND 

MINING.     By  D.C.  DAVIES,  F.G.S.,  author  of  "  A  Treatise  on 

Slate  and  Slate  Quarrying."     With  numerous  wood  engravings. 

Second  Edition,  revised.  Cr.  8vo.  I2s.  6d.  cloth.      \Just  published. 

"  Without  question,  the  most  exhaustive  and  the  most  practically  useful  work  \ve 

have  seen  ;  the  amount  of  information  given  is  enormous,  and  it  is  given  concisely 

and  intelligibly." — Mining  Journal. 

"  The  volume  is  one  which  no  student  of  mineralogy  should  be  without." — Colliery 
Guardian. 

"  The  author  has  gathered  together  from  all  available  sources  avast  amount  of 
really  useful  information.  As  a  history  of  the  present  state  of  mining  throughout 
the  world  this  book  has  a  real  value,  and  it  supplies  an  actual  want,  for  no  such  infor- 
mation has  hitherto  been  brought  together  within  such  limited  space." — Athenamn. 

Slate  and  Slate  Quarrying. 

A  TREATISE  ON  SLATE  AND  SLATE  QUARRYING, 

Scientific,  Practical,  and  Commercial.    By  D.  C.  DAVIES,  F.G.S., 

Mining  Engineer,  &c.     With  numerous  Illustrations  and  Folding 

Plates.   Second  Edition,  carefully  revised.  121110,  3^.  6d.  cloth  boards. 

"Mr.  Davieshas  written  a  useful  and  practical  hand-book  on  an  important  industry, 

with  all  the  conditions  and  details  of  which  he  appears  familiar."— Engineering. 

"  The  work  is  illustrated  by  actual  practice,  and  is  unusually  thorough  and  lucid. 
.  .  .  Mr.  Davies  has  completed  his  work  with  industry  and  skill." — Builder. 

Metallurgy  of  Iron. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON  :  con- 
taining Outlines  of  the  History  of  Iron  Manufacture,  Methods  of 
Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufacture  of 
Iron  and  Steel,  &c.     By  H.  BAUERMAN,  F.G.S.,  Associate  of  the 
Royal  School  of  Mines.     With  numerous  Illustrations.     Fourth 
Edition,  revised  and  much  enlarged.      I2mo,  cloth  boards,  $s. 
"  Has  the  merit  of  brevity  and  conciseness,  as  to  less  important  points,  while  all 
material  matters  are  very  fully  and  thoroughly  entered  into." — Standard. 

Manual  of  Mining  Tools. 

MINING  TOOLS.  For  the  use  of  Mine  Managers,  Agents, 
Mining  Students,  &c.  By  WILLIAM  MORGANS,  Lecturer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines.  Volume  of  Text. 
I2mo,  3J-.  With  an  Atlas  of  Plates,  containing  235  Illustrations. 
4to,  6s.  Together,  gs.  cloth  boards. 
"  Students  in  the  Science  of  Mining,  and  Overmen,  Captains,  Managers,  and 

Viewers    may    gain  practical  knowledge  and  useful  hints  by  the   study    of  Mr. 

Morgans'  Manual." — Colliery  Guardian. 

Mining,  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE  GUIDE,  comprising  a  Treatise  on  Improved  Mining 
Surveying,  with  new  Traverse  Tables ;  and  Descriptions  of  Im- 
proved Instruments  ;  also  an  Exposition  of  the  Correct  Principles 
of  Laying  out  and  Valuing  Home  and  Foreign  Iron  and  Coal 
Mineral  Properties.  By  WILLIAM  LINTERN,  Mining  and  Civil 


Engineer.  With  four  Plates  of  Diagrams,  Plans,  &c.,  I2mo,  4^.  cloth. 
"Contains  much  valuable  information  given  in  a  small  compass,  and  which,  as  far 
5  we  have  tested  it,  is  thoroughly  trustworthy." — Iron  and  Coal  Trades  Review. 

V  The  above, 
Price  7-f.  6d.  cloth. 


as  we  have  tested  it,  is  thoroughly  trustworthy.' 

*  The  above,  bound  with  THOMAN'S  TABLES.     (See  page  20.) 


PUBLISHED  BY  CROSBY  LOCKWOOD  &  CO.         n 

Coal  and  Coal  Mining. 

COAL  AND  COAL  MINING :  a  Rudimentary  Treatise  on.  By 
WARINGTON  W.  SMYTH,  M.A.,  F.R.S.,  &c.,  Chief  Inspector 
of  the  Mines  of  the  Crown.  Fifth  edition,  revised  and  corrected. 
I2mo,  with  numerous  Illustations,  4^.  cloth  boards. 

"Every  portion  of  the  volume  appears  to  have  been  prepared  with  much  care,  and 
as  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as 
of  the  two  principal  methods  of  working,  the  book  will  doubtless  interest  a  very 
large  number  of  readers." — Mining  Journal. 

Underground  Pumping  Machinery. 

MINE  DRAINAGE  ;  being  a  Complete  and  Practical  Treatise 
on  Direct-Acting  Underground  Steam  Pumping  Machinery,  with 
a  Description  of  a  large  number  of  the  best  known  Engines,  their 
General  Utility  and  the  Special  Sphere  of  their  Action,  the  Mode 
of  their  Application,  and  their  merits  compared  with  other  forms 
of  Pumping  Machinery.  By  STEPHEN  MICHELL,  Joint- Author  of 
"  The  Cornish  System  of  Mine  Drainage."  8vo.  [Nearly  ready. 


NAVAL  ARCHITECTURE,  NAVIGATION,  ETC. 

Pocket  Book  for  Naval  Architects  &  Shipbitilders. 

THE  NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S 
POCKET  BOOK  OF  FORMULA,  RULES,  AND  TABLES 
AND  MARINE  ENGINEER'S  AND  SURVEYOR'S  HANDY 
BOOK  OF  REFERENCE.  By  CLEMENT  MACKROW,  Naval 
Draughtsman,  Associate  of  the  Institution  of  Naval  Architects. 
With  numerous  Diagrams,  &c.  Fcap.,  strongly  bound  in  leather, 
with  elastic  strap  for  pocket,  I2s.  6d. 

"  Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels." 
— Engineer. 

"  There  is  scarcely  a  subject  on  which  a  naval  architect  or  shipbuilder  can  require 
to  refresh  his  memory  which  will  not  be  found  within  the  covers  of  Mr.  Mackrow's 
book." — English  Mechanic. 

"  Mr.  Mackrow  has  compressed  an  extraordinary  amount  of  information  into  this 
useful  volume." — Atfotugum. 

Granthams  Iron  Ship- Building. 

ON  IRON  SHIP-BUILDING  ;  with  Practical  Examples  and 
Details.  Fifth  Edition.  Imp.  4to,  boards,  enlarged  from  24  to  40 
Plates  (21  quite  new),  including  the  latest  Examples.  Together 
with  separate  Text,  also  considerably  enlarged,  I2mo,  cloth  limp. 
By  JOHN  GRANTHAM,  M.  Inst.  C.E.,  &c.  2/.  2s.  complete. 

"  Mr.  Grantham's  work  is  of  great  interest.  It  will,  we  are  confident,  command  an 
extensive  circulation  among  shipbuilders  in  general.  By  order  of  the  Board  of  Admi- 
ralty, the  work  will  form  the  text-book  on  which  the  examination  in  iron  ship-building 
of  candidates  for  promotion  in  the  dockyards  will  be  mainly  based." — Engineering. 

Pocket-Book  for  Marine  Engineers. 

A  POCKET-BOOK  OF  USEFUL  TABLES  AND  FOR- 
MULA FOR  MARINE  ENGINEERS.  By  FRANK  PROCTOR, 
A.I.N.A.  Second  Edition,  revised  and  enlarged.  Royal  32mo, 
leather,  gilt  edges,  with  strap,  4^. 

"A  most  useful  companion  to  all  marine  engineers." — United  Service  Gazette. 
"  Scarcely  anything  required  by  a  naval  engineer  appears  to  have  been  for- 
gotten. "— 
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L  ight-Houses. 

EUROPEAN  LIGHT-HOUSE  SYSTEMS  ;  being  a  Report  of 
a  Tour  of  Inspection  made  in  1873.  By  Major  GEORGE  H. 
ELLIOT,  Corps  of  Engineers,  U.S.A.  Illustrated  by  51  En- 
gravings and  31  Woodcuts  in  the  Text.  8vo,  2is.  cloth. 

Surveying  (Land  and  Marine). 

LAND  AND  MARINE  SURVEYING,  In  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Canals,  Rivers, 
Towns'  Water  Supplies,  Docks  and  Harbours  ;  with  Description 
and  Use  of  Surveying  Instruments.  By  W.  DAVIS  HASKOLL,  C.  E. 
With  14  folding  Plates,  and  numerous  Woodcuts.  8vo,  I2s.6d.  cloth. 

"A  most  useful  and  well  arranged  book  for  the  aid  of  a  student." — Builder. 

"  Of  the  utmost  practical  utility,  and  may  be  safely  recommended  to  all  students 
who  aspire  to  become  clean  and  expert  surveyors." — Alining  Journal. 

Storms. 

STORMS  :  their  Nature,  Classification,  and  Laws,  with  the 
Means  of  Predicting  them  by  their  Embodiments,  the  Clouds. 
By  \VILLIAM  BLASIUS.  Crown  8vo,  los.  6d.  cloth  boards. 

Rudimentary  Navigation, 

THE  SAILOR'S  SEA-BOOK:  a  Rudimentary  Treatise  on  Navi- 
gation. By  JAMES  GREENWOOD,  B.  A.  New  and  enlarged  edition. 
By  W.  H.  ROSSER.  I2mo,  3.r.  cloth  boards. 

Mathematical  and  Nautical  Tables. 

MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on 
Logarithms.  By  HENRY  LAW,  C.  E.  Together  with  a  Series  of 
Tables  for  Navigation  and  Nautical  Astronomy.  By  J.  R. 
YOUNG,  formerly  Professor  of  Mathematics  in  Belfast  College. 
New  Edition.  I2mo,  4^.  cloth  boards. 

Navigation  (Practical],  with  Tables. 

PRACTICAL  NAVIGATION  :  consisting  of  the  Sailor's  Sea- 
Book,  by  JAMES  GREENWOOD  and  W.  H.  ROSSER  ;  together 
with  the  requisite  Mathematical  and  Nautical  Tables  for  the  Work- 
ing of  the  Problems.  By  HENRY  LAW,  C.E.,  and  Professor 
J.  R.  YOUNG.  Illustrated  with  numerous  Wood  Engravings  and 
Coloured  Plates.  I2mo,  'js.  strongly  half  bound  in  leather. 


WEALE'S   RUDIMENTARY    SERIES. 

Thefolloiving  books  in  Naval  Architecture,  etc.)  are  published  in  the 

aboz'e  series. 
MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS.    By 

ROBERT  KIPPING,  N.A.    Fourteenth  Edition.   121110,  2s.  6d.  cloth. 
SAILS  AND  SAIL-MAKING.  Tenth  Edition,  enlarged.  By  ROBERT 

KIPPING,  N.A.     Illustrated.    I2mo,  3^.  cloth  boards. 
NAVAL  ARCHITECTURE.     By  JAMES  PEAKE.     Fourth  Edition, 

with  Plates  and  Diagrams.     I2mo,  qs.  cloth  boards. 
MARINE   ENGINES,    AND    STEAM    VESSELS.     By   ROBERT 

MURRAY,  C.E.     Seventh  Edition.     I2ino,  3*.  6J.  cloth  boards. 
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ARCHITECTURE,   BUILDING,   ETC. 

Construction.  — • — 

THE  SCIENCE  of  BUILDING  :  An  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  WYNDHAM  TARN,  M.A., 
Architect.  With  47  Wood  Engravings.  Demy  8vo.  8j.  6d.  cloth. 

"  A  very  valuable  book,  which  we  strongly  recommend  to  all  students." — Builder. 

"  No  architectural  student  should  be  without  this  hand-book." — Architect. 

Villa  Architecture. 

A  HANDY  BOOK  of  VILLA  ARCHITECTURE  ;  being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Detailed  Specifications  and  Estimates.  By  C.  WICKES,  Architect, 
Author  of  "  The  Spires  and  Towers  of  the  Mediaeval  Churches  of  Eng- 
land," &c.  31  Plates,  4to,  half  morocco,  gilt  edges,  \l.  is. 
***  Also  an  Enlarged  edition  of  the  above.  61  Plates,  with  Detailed 

Specifications,  Estimates,  &c.      2/.  2s.  half  morocco. 
"The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic 
architect,  and  they  will  prove  very  valuable  and  suggestive." — Building  News. 

Useful  Text- Book  for  Architects. 

THE  ARCHITECT'S  GUIDE  :  Being  a  Text-book  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contractors, 
Clerks  of  Works,  &c.,  &c.  By  FREDERICK  ROGERS,  Architect, 
Author  of  "Specifications  for  Practical  Architecture,"  &c.  With 
numerous  Illustrations.  Crown  8vo,  6s.  cloth. 

"As  a  text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c.,  it 
would  be  hard  to  find  a  handier  or  more  complete  little  volume."-— Standard. 

Taylor  and  Cresys  Rome. 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By 
the  late  G.  L.  TAYLOR,  Esq.,  F.S.A.,  and  EDWARD  CRESY,  Esq. 
New  Edition,  thoroughly  revised,  and  supplemented  under  the 
editorial  care  of  the  Rev.  ALEXANDER  TAYLOR,  M.A.  (son  of 
the  late  G.  L.  Taylor,  Esq.),  Chaplain  of  Gray's  Inn.  This  is 
the  only  book  which  gives  on  a  large  scale,  and  with  the  precision 
of  architectural  measurement,  the  principal  Monuments  of  Ancient 
Rome  in  plan,  elevation,  and  detail.  Large  folio,  with  130  Plates, 
half-bound,  3?.  $s. 
%*  Originally  published  in  two  volumes,  folio,  at  i8/.  l8j. 

Vitruviiis*  Architecture. 

THE  ARCHITECTURE  OF  MARCUS  VITRUVIUS 
POLLIO.  Translated  by  JOSEPH  GWILT,  F.S.A.,  F.R.A.S. 
Numerous  Plates.  I2mo,  cloth  limp.  $s. 

The  Young  Architect's  Book. 

HINTS  TO  YOUNG  ARCHITECTS.     By  GEORGE  WIGHT- 
WICK,    Architect.      New  Edition,  revised  and  enlarged.     By  G. 
HUSKISSON  GUILLAUME,  Architect.     I2mo,  cloth  boards,  4*. 
"  Will  be  found  an  acquisition  to  pupils,  and  a  copy  ought  to  be  considered  as 
necessary  a  purchase  as  a  box  of  instruments." — Architect. 

"  A  large  amount  of  information,  which  young  architects  will  do  well  to  acquire,  if 
they  wish  to  succeed  in  the  everyday  work  of  their  profession." — English  Mechanic. 

Drawing  for  Builders  and  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 
BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 
By  GEORGE  PYNE.  With  14  Plates,  4to,  Js.  6d,  boards. 
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The  House-Owner's  Estimator. 

THE  HOUSE-OWNER'S  ESTIMATOR ;  or,  What  will  it 
Cost  to  Build,  Alter,  or  Repair?  A  Price-Book  adapted  to  tile 
Use  of  Unprofessional  People  as  well  as  for  the  Architectural 
Surveyor  and  Builder.  By  the  late  JAMES  D.  SIMON,  A.R.I.B.  A. 
Edited  and  Revised  by  FRANCIS  T.  W.  MILLER,  Surveyor.  With 
numerous  Illustrations.  Second  Edition,  with  the  prices  carefully 
corrected  to  present  time.  Crown  8vo,  cloth,  3.5-.  6,-?. 

"  In  two  years  it  will  repay  its  cost  a  hundred  times  over." — Field. 

"  A  very  handy  book  for  those  who  want  to  know  what  a  house  will  cost  to  build, 
alter,  or  repair." — English  Mechanic. 

Boiler  and  Factory  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS  ;  their  Draught-power 
and  Stability,  with  a  chapter  on  Lightning  Conductors.  By  ROBERT 
WILSON,  C.E.,  Author  of  "Treatise  on  Steam  Boilers/'  &c.,  &c. 
Crown  8vo,  $s.  6d.  cloth. 

Civil  arid  Ecclesiastical  Building. 

A  BOOK  ON  BUILDING,  CIVIL  AND  ECCLESIASTICAL, 
Including  CHURCH  RESTORATION.  By  Sir  EDMUND  BECKETT, 
Bart.,  LL.D.,  Q.C.,  F.R.A.S.,  Chancellor  and  Vicar- General 
of  York.  Author  of  "Clocks  and  Watches  and  Bells,"  &c. 
Second  Edition,  I2mo,  $s.  cloth  boards. 
"A  book  which  is  always  amusing  and  nearly  always  instructive.  Sir  E.  Beckett 

will  be  read  for  the  raciness  of  his  style.     We  are  able  very  cordially  to  recommend 

all  persons  to  read  it  for  themselves.     The  style  throughout  is  in  the  highest  degree 

condensed  and  epigrammatic."  —  Times. 

"  We  commend  the  book  to  the  thoughtful  consideration  of  all  who  are  interested 

in  the  building  art." — Builder. 

Architecture,  Ancient  and  Modern. 

RUDIMENTARY  ARCHITECTURE,  Ancient  and  Modern. 
Consisting  of  VITRUVIUS,  translated  by  JOSEPH  GWILT, 
F.S.A.,  &c.,  with  23  fine  copper  plates;  GRECIAN  Archi- 
tecture, by  the  EARL  of  ABERDEEN;  the  ORDERS  of 
Architecture,  by  W.  H.  LEEDS,  Esq. ;  The  STYLES  of  Archi- 
tecture of  Various  Countries,  by  T.  TALBOT  BURY;  The 
PRINCIPLES  of  DESIGN  in  Architecture,  by  E.  L.  GARBETT. 
In  one  volume,  half-bound  (pp.  1,100),  copiously  illustrated,  I2j. 
*.„*  Sold  separately,  in  two  vols.^  as  folloivs — 

ANCIENT    ARCHITECTURE.      Containing  Gwilt's    Vitruvius 
and  Aberdeen's  Grecian  Architecture.     Price  6s.  half-bound. 

N.B.  —  This  is  the  only  edition  of  VITRUVIUS  procurable  at  a 
moderate  price. 

MODERN  ARCHITECTURE.    Containing  the  Orders,  by  Leeds  ; 
The  Styles,  by  Bury ;  and  Design,  by  Garbett.     6s.  half-bound. 

House  Painting. 

HOUSE     PAINTING,     GRAINING,     MARBLING,     AND 
SIGN    WRITING  :    a  Practical  Manual  of.      With  9  Coloured 
Plates  of  Woods  and  Marbles,  and  nearly  150  Wood  Engravings. 
By  ELLIS  A.  DAVIDSON,  Author  of  "Building  Construction,"  &c. 
Third  Edition,  carefully  revised.     I2mo,  6s.  cloth  boards. 
"  Contains  a  mass  of  information  of  use  to  the  amateur  and  of  value  to  the  practical 
man." — English  MccJuinic. 
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Plumbing. 

PLUMBING  ;  aText-book  to  the  Practice  of  the  Art  or  Craft  of  the 

Plumber.     With  chapters  upon  House-drainage,   embodying  the 

latest   Improvements.     By  W.   P.  BUCHAN,   Sanitary  Engineer, 

Second  Edition,  enlarged,  with  300  illustrations,  I2mo.     4^.  cloth, 

"  The  chapters  on  house-drainage  may  be  usefully  consulted,  not  only  by  plumbers, 

but  also  by  engineers  and  all  engaged  or  interested  in  house-building." — Iron, 

Handbook  of  Specifications. 

THE    HANDBOOK    OF   SPECIFICATIONS  ;   or,    Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing 
up   Specifications  and   Contracts  for   Works  and   Constructions. 
Illustrated  by  Precedents  of  Buildings  actually  executed  by  eminent 
Architects  and  Engineers.     By  Professor  THOMAS  L.   DONALD* 
SON,    M.I.B.A.     New  Edition,  in  One  large  volume,   Svo,  with 
upwards  of  1000  pages  of  text,  and  33  Plates,  cloth,  I/,  lu.  6d. 
"  In  this  work  forty-four  specifications  of  executed  works  are  given.  .   .  .  Donald* 
son's  Handbook  of  Specifications  must  be  bought  by  all  architects." — Builder, 

Specifications  for  Practical  Architecture. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE  t 
A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder ;  with 
an  Essay  on  the  Structure  and  Science  of  Modern  Buildings.  By 
FREDERICK  ROGERS,  Architect.  Svo,  i$s.  cloth. 

*»*  A  volume  of  specifications  of  a  practical  character  being  greatly  required,  and  the 
old  standard  work  of  Alfred  Bartholomew  being  out  of  print,  the  author,  on  the  basis 
of  that  work,  has  produced  the  above. — Extract  from  Preface. 

Designing,  Measuring^  and  Valuing. 

THE  STUDENT'S  GUIDE  to  the  PRACTICE  of  MEA- 
SURINGand  VALUING  ARTIFICERS'  WORKS;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  bringing 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  re- 
spective Trades  of  Bricklayer  and  Slater,  Carpenter  and  Joiner, 
Painter  and  Glazier,  Paperhanger,  £c.  With  43  Plates  and  Wood- 
cuts. Originally  edited  by  EDWARD  DOBSON,  Architect.  New- 
Edition,  re-written,  with  Additions  on  Mensuration  and  Construc- 
tion, and  useful  Tables  for  facilitating  Calculations  and  Measure- 
ments. By  E.  WYNDHAM  TARN,  M.A.,  Svo,  icxr.  6d.  cloth. 

"  Well  fulfils  the  promise  of  its  title-page.  Mr.  Tarn's  additions  and  revisions  have 
much  increased  the  usefulness  of  the  work." — Engineering. 

Beaton  s  Pocket  Estimator. 

THE  POCKET  ESTIMATOR  FOR  THE  BUILDING 
TRADES,  being  an  easy  method  of  estimating  the  various  parts 
of  a  Building  collectively,  more  especially  applied  to  Carpenters' 
and  Joiners'  work,  priced  according  to  the  present  value  of  material 
and  labour.  By  A.  C.  BEATON,  Author  of  "Quantities  and 
Measurements."  Second  Edition.  Waistcoat-pocket  size.  is.§d. 

Beaton's  Builders'  and  Surveyors  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS:  containing  a  Complete 
Explanation  of  the  Terms  used  in  Building  Construction,  Memo- 
randa for  Reference,  Technical  Directions  for  Measuring  Work  in 
all  the  Building  Trades,  &c.  By  A.  C.  BEATON.  Second  Edit, 
Waistcoat-pocket  size.  is.  6d, 
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Builders  and  Contractor s  Price  Book. 

LOCKWOOD  &  CO.'S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK,  containing  the  latest  prices  of  all  kinds  of  Builders' 
Materials  and  Labour,  and  of  all  Trades  connected  with  Building, 
&c.,  &c.  The  whole  revised  and  edited  by  F.  T.  W.  MILLER, 
Architect  and  Surveyor.  Fcap.  half-bound,  4-r. 


CARPENTRY,   TIMBER,   ETC. 

Tredgold's  Carpentry,  new  and  cheaper  Edition. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY  : 
a  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches, 
Bridges,  Roofs,  Uniting  Iron  and  Stone  with  Timber,  &c.  To  which 
is  added  an  Essay  on  the  Nature  and  Properties  of  Timber,  &c., 
with  Descriptions  of  the  Kinds  of  Wood  used  in  Building  ;  also 
numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes, 
the  Specific  Gravities  of  Materials,  &c.  By  THOMAS  TREDGOLD, 
C.E.  Edited  by  PETER  BARLOW,  F.R.S.  Fifth  Edition,  cor- 
rected and  enlarged.  With  64  Plates  (i  I  of  which  now  first  appear 
in  this  edition),  Portrait  of  the  Author,  and  several  Woodcuts.  In 
I  vol.,  4to,  published  at  2/.  2s.,  reduced  to  I/.  $s.  cloth. 
"  Ought  to  be  in  every  architect's  and  every  builder's  library,  and  those  who 
do  not  already  possess  it  ought  to  avail  themselves  of  the  new  issue. " — Builder. 

"A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  car- 
pentry is  concerned.  The  Author's  principles  are  rather  confirmed  than  impaired  by 
time.  The  additional  plates  are  of  great  intrinsic  value."— Building  Nevis. 

Grandys  Timber  Tables. 

THE   TIMBER   IMPORTER'S,    TIMBER   MERCHANT'S, 

and  BUILDER'S    STANDARD   GUIDE.      By  RICHARD  E. 

GRANDY.     Comprising  : — An  Analysis  of  Deal  Standards,  Home 

and  Foreign,  with  comparative  Values  and  Tabular  Arrangements 

for  Fixing  Nett  Landed  Cost  on  Baltic  and  North  American  Deals, 

including  all  intermediate  Expenses,  Freight,  Insurance,  &c.,  &c.  j 

together  with  Copious  Information   for  the  Retailer  and  Builder. 

2nd  Edition.    Carefully  revised  and  corrected.     I2mo,  $s.  6d.  cloth. 

"Everything  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a 

treenail,  and  throws  in,  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns, 

cisterns,  &c. — all  that  the  class  to  whom  it  appeals  requires." — English.  Mechanic. 

Timber  Freight  Book. 

THE  TIMBER  IMPORTERS'  AND  SHIPOWNERS' 
FREIGHT  BOOK  :  Being  a  Comprehensive  Series  of  Tables  for 
the  Use  of  Timber  Importers,  Captains  of  Ships,  Shipbrokers, 
Builders,  and  all  Dealers  in  Wood  whatsoever.  By  WILLIAM 
RICHARDSON,  Timber  Broker.  Crown  8vo,  6s.  cloth. 

Tables  for  Packing-Case  Makers. 

PACKING-CASE  TABLES  ;  showing  the  number  of  Superficial 
Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and 
upwards.  Compiled  by  WILLIAM  RICHARDSON,  Accountant. 
Second  Edition.  Oblong  4to,  3-r.  6d.  cloth. 

"Will  save  much  labour  and  calculation  to  packing-case  makers  and  those  who  use 
packing-cases."— Grocer.  "  Invaluable  labour-saving  tables.  "—Iron monger. 
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Norton's  Measurer. 

THE  COMPLETE  MEASURER  j  setting  forth  the  Measure- 
ment  of  Boards,  Glass,  &c.  j  Unequal-sided,  Square-sided,  Oc- 
tagonal-sided, Round  Timber  and  Stone,  and  Standing  Timber. 
"With  just  allowances  for  the  bark  in  the  respective  species  of 
trees,  and  proper  deductions  for  the  waste  in  hew'ing  the  trees, 
&c. ;  also  a  Table  showing  the  solidity  of  hewn  or  eight-sided 
timber,  or  of  any  octagonal-sided  column.  By  RICHARD  HORTON. 
Fourth  edition,  with  considerable  and  valuable  additions,  I2mo, 
strongly  bound  in  leather,  5-r. 

H or  tons  Underwood  and  Woodland  Tables. 

TABLES  FOR  PLANTING  AND  VALUING  UNDER- 
WOOD AND  WOODLAND  ;  also  Lineal,  Superficial,  Cubical, 
and  Decimal  Tables,  &c.  By  R.  HORTON.  I2mo,  2s.  leather. 

Nicholsons  Carpenter s  Guide. 

THE  CARPENTER'S  NEW  GUIDE ;  or,  BOOK  of  LINES 
for  CARPENTERS  :  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the 
late  PETER  NICHOLSON'S  standard  work.  A  new  Edition,  revised 
by  ARTHUR  ASHPITEL,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  GEORGE  PYNE.  With  74  Plates,  4to,  i/.  is.  cloth. 

Dowsing? s  Timber  Merchant's  Companion. 

THE  TIMBER  MERCHANT'S  AND  BUILDER'S  COM- 
PANION  ;  containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a  Thousand  Pieces,  also  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Standard 
Hundred,  &c.,  &c.  Also  a  variety  of  other  valuable  information. 
By  WILLIAM  DOWSING,  Timber  Merchant.  Third  Edition,  Re- 
vised. Crown  8vo,  3*.  cloth. 

"Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  no 
doubt  that  every  timber  merchant  and  builder  ought  to  possess  it." — Hull  Advertiser. 

Practical  Timber  Merchant. 

THE  PRACTICAL  TIMBER  MERCHANT,  being  a  Guide 
for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &c., 
comprising  useful  Tables  for  all  purposes  connected  with  the 
Timber  Trade,  Essay  on  the  Strength  of  Timber,  Remarks  on  the 
Growth  of  Timber,  &c.  By  W.  RICHARDSON.  Fcap.  8vo,  3^.  6d.  cl. 

Woodworking-  Machinery. 

WOODWORKING  MACHINERY;  its  Rise,  Progress,  and 
Construction.  With  Hints  on  the  Management  of  Saw  Mills  and 
the  Economical  Conversion  of  Timber.  Illustrated  with  Examples 
of  Recent  Designs  by  leading  English,  French,  and  American 
Engineers.  By  M.  Powis  BALE,  M.I.M.E.  Large  crown  8vo, 
\2s.  6d,  cloth.  \Just published. 

"  Mr.  Bale  is  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much 
information  that  his  book  is  all-sufficient  for  builders  and  others  engaged  in  the  con- 
version of  timber." — Architect. 

"The  most  comprehensive  compendium  of  wood-working  machinery  we  have 
seen.  The  author  is  a  thorough  master  of  his  subject." — Building  News. 

"  It  should  be  in  the  office  of  every  wood-working  factory."—  English  Mechanic 
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MECHANICS,   ETC. 
Mechanic's  Workshop  Companion. 

THE    OPERATIVE    MECHANIC'S    WORKSHOP    COM- 
PANION, and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL ASSISTANT.    By  W.  TEMPLETON.      1 2th  Edit.,  with 
Mechanical  Tables  for  Operative  Smiths,  Millwrights,  Engineers, 
&c. ;  and  an  Extensive  Table  of  Powers  and  Roots,  I2mo,  5-r.  bound. 
"As  a  text-book  in  which  mechanical  and  commercial  demands  are  judiciously  met, 
TEMPLETON'S  COMPANION  stands  unrivalled."  —  Mechanics'  Magazine. 

"  Admirably  adapted  to  the  wants  of  a  very  large  class.  It  has  met  with  great 
success  in  the  engineering  workshop,  as  we  can  testify  ;  and  there  are  a  great  many 
men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  work." — Building  News. 

Engineer  s  and  Machinist's  Assistant. 

THE  ENGINEER'S,  MILLWRIGHT'S,  and  MACHINIST'S 

PRACTICAL  ASSISTANT  ;  comprising  a  Collection  of  Useful 

Tables,  Rules,  and  Data.     Compiled  and  Arranged,  with  Original 

Matter,  by  WM.  TEMPLETON.    6th  Edition.      i8mo,  2s.  6d.  cloth. 

"A  more  suitable  present  to  an  apprentice  to  any  of  the  mechanical  trades  could  not 

possibly  be  made." — Building  News. 

Superficial  Measurement. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT. Tables  calculated  from  I  to  200  inches  in  length, 
by  I  to  108  inches  in  breadth.  For  the  use  of  Architects,  Engineers, 
Timber  Merchants,  Builders,  &c.  ByJ.  HAW  KINGS.  Fcp.  3-r.  6d.  cl. 

The  High-Pressure  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE  ;  an  Exposition 
of  its  Comparative  Merits,  and  an  Essay  towards  an  Improved 
System  of  Construction,  adapted  especially  to  secure  Safety  and 
Economy.  By  Dr.  ERNST  ALBAN,  Practical  Machine  Maker, 
Plau,  Mecklenberg.  Translated  from  the  German,  with  Notes,  by 
Dr.  POLE,  F.R.S.,  M.I.C.E.,  &c.  With  28  Plates,  8 vo,  i6s.  6d.  cl, 

Steam  Boilers. 

A  TREATISE  ON  STEAM  BOILERS  :  their  Strength,  Con- 
struction, and  Economical  Working.  By  R.  WILSON,  C.E. 
Fifth  Edition.  I2mo,  6s.  cloth. 

"  The  best  work  on  boilers  which  has  come  under  our  notice"— Engineering. 

"The  best  treatise  that  has  ever  been  published  on  steam  boilers." — Engineer. 

Power  in  Motion. 

POWER  IN  MOTION:  Horse  Power,  Toothed  Wheel  Gearing, 
Long  and  Short  Driving  Bands,  Angular  Forces,  &c.  By  JAMES 
ARMOUR,  C.E.  With  73  Diagrams.  I2mo,  3^.,  cloth. 

Mechanics. 

THE  HANDBOOK  OF  MECHANICS.  By  DIONYSIUS 
LARDNER,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and 
Astronomy  in  University  College,  London.  New  Edition,  Edited 
and  considerably  Enlarged,  by  BENJAMIN  LOEWY,  F.R.A.S.,  £c., 
&c.  With  378  Illustrations,  post  8vo,  6s.  cloth. 
"  The  explanations  throughout  are  studiously  popular,  and  care  has  been  taken  to 

show  the  application  of  the  various  branches  of  physics  tp  the  industrial  arts,  and  tq 

the  practical  business  of  life."— Mining  Jourti,al. 
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MATHEMATICS,  TABLES,  ETC. 
Gregory  s  Practical  Mathematics. 

MATHEMATICS  for  PRACTICAL  MEN  ;  being  a  Common- 
place  Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly 
for  the  Use  of  Civil  Engineers,  Architects,  and  Surveyors.  Part  I. 
PURE  MATHEMATICS — comprising  Arithmetic,  Algebra,  Geometry, 
Mensuration,  Trigonometry,  Conic  Sections,  Properties  of  Curves. 
Part  II.  MIXED  MATHEMATICS — comprising  Mechanics  in  general, 
Statics,  Dynamics,  Hydrostatics,  Hydrodynamics,  Pneumatics, 
Mechanical  Agents,  Strength  of  Materials.  With  an  Appendix  of 
copious  Logarithmic  and  other  Tables.  By  OLINTHUS  GREGORY, 
LL.  D. ,  F.R.  A.  S.  Enlarged  by  HENRY  LAW,  C.  E.  4th  Edition, 
carefully  revised  and  corrected  by  J.  R.  YOUNG,  formerly  Profes- 
sor of  Mathematics,  Belfast  Coll.  With  13  Plates.  8vo,  I/,  is.  cloth. 
"  The  engineer  or  architect  will  here  find  ready  to  his  hand,  rules  for  solving  nearly 

every  mathematical  difficulty  that  may  arise  in  his  practice.    The  rules  are  in  all  cases 

explained  by  means  of  examples  clearly  worked  out." — Builder. 
"  One  of  the  most  serviceable  books  for  practical  mechanics. . . .  "—Building  News. 

The  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British 
Standard  Measures  and  Weights  are  compared  with  those  of  the 
Metric  System  at  present  in  use  on  the  Continent.  By  C.  H. 
BOWLING,  C.E.  2nd  Edit.,  revised  and  enlarged.  8vo,  IDJ.  6d.  cl. 
"Their  accuracy  has  been  certified  by  Prof.  Airy,  Astronomer-Royal." — Builder. 

Inwood's  Tables,  greatly  enlarged  and  improved. 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Freehold, 
Copyhold,  or  Leasehold;  Annuities,  Advowsons,  &c.,  and  for  the 
Renewing  of  Leases  held  under  Cathedral  Churches,  Colleges,  or 
other  corporate  bodies ;  for  Terms  of  Years  certain,  and  for  Lives  ; 
also  for  Valuing  Reversionary  Estates,  Deferred  Annuities,  Next 
Presentations,  &c.,  together  with  Smart's  Five  Tables  of  Compound 
Interest,  and  an  Extension  of  the  same  to  Lower  and  Intermediate 
Rates.  By  WILLIAM  INWOOD,  Architect.  The  2ist  edition,  with 
considerable  additions,  and  new  and  valuable  Tables  of  Logarithms 
for  the  more  Difficult  Computations  of  the  Interest  of  Money,  Dis- 
count, Annuities,  &c.,  by  M.  F£DOR  THOMAN,  cf  the  Societe 
Credit  Mobilier  of  Paris.  I2mo,  8s.  cloth. 
"  Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of 

compensation  cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  £c.,  will 

find  the  present  edition  of  eminent  service." — Engineering. 

Geometry  for  the  Architect,  Engineer,  &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic ;  giving  Rules  for  the  Delineation  and  Application  of 
various  Geometrical  Lines,  Figures  and  Curves.  By  E.  W.  TARN, 
M.A.,  Architect,  Author  of  "The  Science  of  Building,"  &c. 
With  164  Illustrations.  Demy  8vo.  I2J.  6d.  cloth. 

Mathematical  Instruments. 

MATHEMATICAL  INSTRUMENTS:  Their  Construction, 
Adjustment,  Testing,  and  Use ;  comprising  Drawing,  Measuring, 
Optical,  Surveying,  and  Astronomical  Instruments.  By  J.  F. 
HEATHER,  M.A.  Enlarged  Edition,  for  the  most  part  entirely 
re-written.  Numerous  Woodcuts.  I2mo,  5-y.  cloth, 
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Compound  Interest  and  Annuities. 

THEORY  of  COMPOUND    INTEREST  and  ANNUITIES  ; 

with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 

Interest,  Discount,  Annuities,  &c.,  in  all  their  Applications  and 

Uses  for  Mercantile  and  State  Purposes.      By  FEDOR  THOMAN, 

of  the  Societe  Credit  Mobilier,  Paris.    3rd  Edit.,  I2mo,  4*.  6d.  cl. 

"  A  very  powerful  work,  and  the  Author  has  a  very  remarkable  command  of  his 

subject." — Professor  A.  de  Morgan. 

Iron  and  Metal  Trades'  Calculator. 

THE    IRON     AND    METAL    TRADES'    COMPANION  : 
Being  a  Calculator  containing  a  Series  of  Tables  upon  a  new  and 
comprehensive  plan  for  expeditiously  ascertaining  the  value  of  any 
goods  bought  or  sold  by  weight,  from   is.   per  cwt.  to   II2J.  per 
cwt.,  and  from  one  farthing  per  Ib.  to  u.  per  Ib.     Each  Table  ex- 
tends from  one  Ib.  to  100  tons.  ByT.  DOWNIE.  396  pp.,  gs.,  leather. 
"  A  most  useful  set  of  tables,  and  will  supply  a  want,  for  nothing  like  them  before 
existed. " — Building  News. 

Iron  and  Steel. 

'IRON  AND  STEEL':  a  Work  for  the  Forge,  Foundry, 
Factory,  and  Office.  Containing  Information  for  Ironmasters  and 
their  Stocktakers  ;  Managers  of  Bar,  Rail,  Plate,  and  Sheet  Rolling 
Mills  ;  Iron  and  Metal  Founders  ;  Iron  Ship  and  Bridge  Builders  ; 
Mechanical,  Mining,  and  Consulting  Engineers ;  Architects,  Builders, 
&c.  By  CHARLES  HOARE,  Author  of  'The  Slide  Rule,'  &c.  Eighth 
Edition.  With  folding  Scales  of  "Foreign  Measures  compared 
with  the  English  Foot,"  and  "fixed  Scales  of  Squares,  Cubes, 
and  Roots,  Areas,  Decimal  Equivalents,  &c."  Oblong,  32mo,  6s., 
leather,  elastic-band. 
"  For  comprehensiveness  the  book  has  not  its  equal." — Iron. 

Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR;  being  a  Series  of  Tables 
upon  a  New  and  Comprehensive  Plan,  exhibiting  at  one  Reference 
the  exact  Value  of  any  Weight  from  lib.  to  15  tons,  at  300  Pro- 
gressive Rates,  from  I  Penny  to  1 68  Shillings  per  cwt.,  and  con- 
taining 1 86, ocx)  Direct  Answers,  which,  with  their  Combinations, 
consisting  of  a  single  addition  (mostly  to  be  performed  at  sight), 
will  afford  an  aggregate  of  10,266,000  Answers  ;  the  whole  being 
calculated  and  designed  to  ensure  Correctness  and  promote 
Despatch.  By  HENRV  HARBEN,  Accountant,  Sheffield.  New 
Edition.  Royal  8vo,  I/.  $s.}  strongly  half-bound. 

Comprehensive  Discount  Guide.. 

THE  DISCOUNT  GUIDE  :  comprising  several  Series  of  Tables 
for  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others, 
by  which  may  be  ascertained  the  exact  profit  arising  from  any  mode 
of  using  Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  method  of  either  Altering  a  Rate  of  Discount,  or  Advancing  a 
Price,  so  as  to  produce,  by  one  operation,  a  sum  that  will  realise 
any  required  profit  after  allowing  one  or  more  Discounts  :  to  which 
are  added  Tables  of  Profit  or  Advance  from  i^  to  90  per  cent., 
Tables  of  Discount  from  \\  to  98!  per  cent.,  and  Tables  of  Commis- 
sion, &c.,  from  |  to  10  per  cent.  By  HENRY  HARBEN,  Accountant. 
New  Edition,  Demy  8vo.  £>i  $s.,  half-bound. 
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SCIENCE   AND   ART. 
Dentistry.  ~4r~ 

MECHANICAL  DENTISTRY.  A  Practical  Treatise  on  the 
Construction  of  the  various  kinds  of  Artificial  Dentures.  Com- 
prising also  Useful  Formuloe,  Tables,  and  Receipts  for  Gold 
Plate,  Clasps,  Solders,  etc.,  etc.  By  CHARLES  HUNTER.  With 
numerous  Wood  Engravings.  Crown  8vo,  7-r.  6d.  cloth. 
"The  work  is  very  practical." — Monthly  Review  of  Dental  Surgery. 

"An  authoritative  treatise We  can  strongly  recommend  Mr.  Hunter's 

treatise  to  all  students  preparing:  for  the  profession  of  dentistry,  as  well  as  to  every 
mechanical  dentist." — Dublin  Journal  qf  Medical  Science. 

"  The  best  book  on  the  subject  with  which  we  are  acquainted." — Medical  Press 
and  Circular. 

Brewing. 

A  HANDBOOK  FOR  YOUNG  BREWERS.      By  HERBERT 
EDWARDS  WRIGHT,  B.A.     Crown  8vo,  3-r.  6d.  cloth. 

"A  thoroughly  scientific  treatise  in  popular  language.  It  is  evident  that  the 
author  has  mastered  his  subject  in  its  scientific  aspects." — Morning  Advertiser. 

"  We  would  particularly  recommend  teachers  of  the  art  to  place  it  in  every  pupil's 
hands,  and  we  feel  sure  its  perusal  will  be  attended  with  advantage." — Brewer. 

Gold  and  Gold-Working. 

THE   GOLDSMITH'S    HANDBOOK  :  containing  full  instruc- 
tions for  the  Alloying  and  Working  of  Gold.     Including  the  Art  of 
Alloying,  Melting,  Reducing,  Colouring,  Collecting  and  Refining. 
The  processes  of  Manipulation,  Recovery  of  Waste,  Chemical  and 
Physical  Properties  of  Gold,  with  a  new  System  of  Mixing  its 
Alloys  ;  Solders,  Enamels,  and  other  useful  Rules  and  Recipes,  &c. 
By  GEORGE  E.  GEE,  Goldsmith  and  Silversmith.   Second  Edition, 
considerably  enlarged.      121110,  3-y.  6d.  cloth  boards. 
"A  good,  sound,    technical    educator,   and  will  be  generally    accepted  as   an 
authority.   It  gives  full  particulars  for  mixing  alloys  and  enamels,  is  essentially  a  book 
for  the  workshop,  and  exactly  fulfils  the  purpose  intended." — Horological  Journal. 
"  The  best  work  yet  printed  on  its  subject  for  a  reasonable  price.     We  have  no 
doubt  that  it  will  speedily  become  a  standard  book  which  few  will  care  to  be  with- 
out."— Jeweller  and  Metalworker. 

"  We  consider  that  the  trade  owes  not  a  little  to  Mr.  Gee,  who  has  in  two  volumes 
compressed  almost  the  whole  of  its  literature,  and  we  doubt  not  that  many  a  young 
beginner  will  owe  a  part  of  his  future  success  to  a  diligent  study  of  the  pages  which 
are  peculiarly  well  adapted  to  his  use." — Clerkenwcll  Press. 

"  It  is  essentially  a  practical  manual,  intended  primarily  for  the  use  of  working 
jewellers,  but  is  well  adapted  to  the  wants  of  amateurs  and  apprentices,  containing, 
as  it  does,  trustworthy  information  that  only  a  practical  man  can  supply." — English 
Mechanic. 

Silver  and  Silver  Working. 

THE    SILVERSMITH'S    HANDBpOK,    containing  full    In- 
structions for  the  Alloying  and  Working  of  Silver,  including  the 
different  modes  of  refining  and  melting  the  metal,  its  solders,  the 
preparation  of  imitation  alloys,  methods  of  manipulation,  preven- 
tion of  waste,  instructions  for  improving  and  finishing  the  surface 
of  the  work,  together  with  other  useful  information  and  memoranda. 
By  GEORGE  E.  GEE,  Jeweller,  &c.     I2mo,  3-r.  6d.  cloth  boards. 
"  This  work  is  destined  to  take  up  as  good  a  position  in  technical  literature  as  the 
Practical  Goldworker,  a  book  which  has  passed  through  the  ordeal  of  critical  ex- 
amination and  business  tests  with  great  success." — Jeweller  and  Metalworker. 

"  The  chief  merit  of  the  work  is  its  practical  character.     The-  workers  in  the  trade 
will  speedily  discover  its  merits  when  they  sit  down  to  study  it." — English  Mechanic. 
"This  work  forms  a  valuable  sequel  to  the  author's  Practical  Goldworkcr,  and 
supplies  a  want  long  felt  in  the  silver  trade."— Silversmith's  Trade  Journal. 
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Electric  Lighting. 

ELECTRIC  LIGHT  :  Its  Production  and  Use,  embodying  plain 

Directions  for  the  Working  of  Galvanic  Batteries,  Electric  Lamps, 

and  Dynamo-Electric  Machines.     By  J.  W.  URQUHART,  C.  E., 

Author  of  "  Electroplating  :  a  Practical  Handbook."     Edited  by 

F.    C.    WEBB,    M.I.C.E.,    M.S.T.E.,      With    94  Illustrations. 

Crown  8vo,  7-y.  6</.  cloth.  \Just  published. 

"  It  is  the  only  work  at  present  available,  which  gives  in  language  intelligible  for 

the  most  part  to  the  ordinary  reader,  a  general  but  concise  history  of  the  means 

which  have  been  adopted  up  to  the  present  time  in  producing  the  electric  light."— 

Metropolitan, 

"An  important  addition  to  the  literature  of  the  electric  light.  Students  of  the 
subject  should  not  fail  to  read  it." — Colliery  Guardian. 

"  As  a  popular  and  practical  treatise  on  the  subject,  the  volume  may  be  thoroughly 
recommended." — Bristol  Mercury, 

Electroplating,  etc. 

ELECTROPLATING:  A  Practical  Handbook,  including  the 
Practice  of  Electrotyping.  By  J.  W.  URQUHART,  C.E.  With 
numerous  Illustrations.  Crown  8vo,  $s.  cloth. 

"The  volume  is  without  a  rival  in  its  particular  sphere,  and  the  lucid  style  in 
which  it  is  written  commends  it  to  those  amateurs  and  experimental  electrotypers 
who  have  but  slight,  if  any,  knowledge  of  the  processes  of  the  art  to  which  they  turn 
their  attention."— Design  and  Work, 

"  A  large  amount  of  thoroughly  practical  information." — TelegrapJiic  Journal, 
"An  excellent  practical  manual." — Engineering, 

"  The  information  given  appears  to  be  based  on  direct  personal  knowledge.  .  .  . 
Its  science  is  sound,  and  the  style  is  always  clear.''—  Athenamni. 

"Any  ordinarily  intelligent  person  may  become  an  adept  in  electro-deposition 
with  a  very  little  science  indeed,  and  this  is  the  book  to  show  him  or  her  the  way." 
— Builder. 

The  Military  Sciences. 

AIDE-MEMOIRE  to  the  MILITARY  SCIENCES.  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a  Committee  of  the  Corps  of 
Royal  Engineers.  Second  Edition,  most  carefully  revised  by  an 
Officer  of  the  Corps,  with  many  additions  ;  containing  nearly  350 
Engravings  and  many  hundred  Woodcuts.  3  vols.  royal  8vo,  extra 
cloth  boards,  and  lettered,  4/.  los. 

"A  compendious  encyclopaedia  of  military  knowledge." — Edinburgh  Review. 

"  The  most  comprehensive  work  of  reference  to  the  military  and  collateral  sciences." 
— Volunteer  Service  Gazette. 

Field  Fortification. 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY  MINING,  and  RECON- 
NOITRING. By  Colonel  I.  S.  MACAULAY,  late  Professor  of 
Fortification  in  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  crown 
8vo,  cloth,  with  separate  Atlas  of  12  Plates,  I2J.  complete. 

Dye-  Wares  and  Colours. 

THE  MANUAL  of  COLOURS  and  DYE-WARES :  their 
Properties,  Applications,  Valuation,  Impurities,  and  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.  By  J. 
W.  SLATER.  Post  8vo,  7-r.  6d.  cloth. 

"A  complete  encyclopaedia  of  the  materia  tittctoria.  The  information  is  full 
and  precise,  and  the  methods  of  determining  the  value  of  articles  liable  to  sophistica- 
tion, are  practical  as  well  as  valuable."— Chemist  and  Druggist. 


PUBLISHED  BY  CROSBY  LOCKWOOD  &  CO.         23 


The  Alkali  Trade— Sulphuric  Acid,  etc. 

A  MANUAL  OF  THE  ALKALI  TRADE,  including  the 
Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
Powder.  By  JOHN  LOMAS,  Alkali  Manufacturer,  Newcastle-upon- 
Tyne  and  London.  With  232  Illustrations  and  Working  Draw- 
ings, and  containing  386  pages  of  text.  Super-royal  8vo, 
2/  12$.  6d.  cloth.  {Just published. 

This  work  provides  (r)  a  Complete  H andbook  for  intending  Alkali  and  Sulphuric 
Acid  Manufacturers,  and  for  those  already  in  the  field  who  desire  to  improve  their 
plant,  or  to  become  practically  acquainted  ivith  the  latest  processes  and  developments 
of  the  trade  ',  (2)  a  Handy  Volume  which  Manufacturers  can  put  into  the  hands  of 
their  Managers  and  Foremen  as  a  useful  guide  in  tJieir  daily  rounds  of  duty, 

SYNOPSIS  OF  CONTENTS. 


Chap.  I.  Choice  of  Site  'and  General 
Plan  of  Works— II.  Sulphuric  Acid- 
Ill.  Recovery  of  the  Nitrogen  Com- 
pounds, and  Treatment  of  Small  Pyrites 
—IV.  The  Salt  Cake  Process— V.  Legis- 
lation upon  the)  Noxious  Vapours  Ques- 
tion— VI.  The  Hargreaves'  and  Jones' 
Processes— VII.  The  Balling  Process— 
VIII.  Lixiviation  and  Salting  Down— 


IX.  Carbonating  or  Finishing— X.  Soda 
Crystals  — XI.  Refined  Alkali  -  XII. 
Caustic  Soda  — XIII.  Bi-carbonate  of 
Soda  — XIV.  Bleaching  Powder— XV. 
Utilisation  of  Tank  Waste— XVI.  General 
Remarks — Four  Appendices,  treating  of 
Yields,  Sulphuric  Acid  Calculations,  Ane- 
mometers, and  Foreign  Legislation  upon 
the  Noxious  Vapours  Question. 


"The  author  has  given  the  fullest,  most  practical,  and,  to  all  concerned  in  the 
alkali  trade,  most  valuable  mass  of  information  that,  to  our  knowledge,  has  been 
published  in  any  language." — Engineer, 

"  This  book  is  written  by  a  manufacturer  for  manufacturers.  The  working  details 
of  the  most  approved  forms  of  apparatus  are  given,  and  these  are  accompanied  by 
no  less  than  232  wood  engravings,  all  of  which  may  be  used  for  the  purposes  of  con- 
struction. Every  step  in  the  manufacture  is  very  fully  described  in  this  manual,  and 
each  improvement  explained.  Everything  which  tends  to  introduce  economy  into 
the  technical  details  of  this  trade  receives  the  fullest  attention.  The  book  has  been 
produced  with  great  completeness." — Athenawn. 

"The  author  is  not  one  of  those  clever  compilers  who,  on  short  notice,  will  'read 
up'  any  conceivable  subject,  but  a  practical  man  in  the  best  sense  of  the  word.  We 
find  here  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of 
the  trade,  but  a  notice  of  numerous  matters  which  have  a  most  important  bearing 
on  the  successful  conduct  of  alkali  works,  but  which  are  generally  overlooked  by 
even  the  most  experienced  technological  authors.  This  most  valuable  book,  which 
we  trust  will  be  generally  appreciated,  we  must  pronounce  a  credit  alike  to  its  author 
and  to  the  enterprising  firm  who  have  undertaken  its  publication." — Chemical 
Review. 

Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANA- 
LYSIS  ;  or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Manufactures, 
in  Trades,  and  in  the  Arts.  By  A.  NORMANDY,  Author  of  "  Prac- 
tical Introduction  to  Rose's  Chemistry,"  and  Editor  of  Rose's 
"  Treatise  on  Chemical  Analysis."  New  Edition.  Enlarged,  and 
to  a  great  extent  re-written,  by  HENRY  M.  NOAD,  Ph.  D.,  F.R.S. 
With  numerous  Illustrations.  Cr.  8vo,  I2s.  6d.  cloth. 

"We  recommend  this  book  to  the  careful  perusal  of  every  one  ;  it  may  be  truly 
affirmed  to  be  of  universal  interest,  and  we  strongly  recommend  it  to  our  readers  as  a 
guide,  alike  indispensable  to  the  housewife  as  to  the  pharmaceutical  practitioner."— 
Medical  Times. 

"  Essential  to  the  analysts  appointed  under  the  new  Act.  The  most  recent  results 
are  given,  and  the  work  is  well  edited  and  carefully  written."— Nature. 
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Dr.  Lardners  Museum  of  Science  and  Art. 

THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
DIONYSIUS  LARDNER,  D.C.L.,  formerly  Professor  of  Natural  Phi- 
losophy  and  Astronomy  in  University  College,  London.  With  up- 
wards of  1 200  Engravings  on  Wood.  In  6  Double  Volumes. 
Price  £i  is.,  in  a  new  and  elegant  cloth  binding,  or  handsomely 
bound  in  half  morocco,  3U.  6d. 

OPINIONS    OF   THE    PRESS. 

"This  series,  besides  affording  popular  but  sound  instruction  on  scientific  subjects, 
with  which  the  humblest  man  in  the  country  ought  to  be  acquainted,  also  undertakes 
that  teaching  of  'common  things'  which  every  well-wisher  of  his  kind  is  anxious  to 
promote.  Many  thousand  copies  of  this  serviceable  publication  have  been  printed, 
in  the  belief  and  hope  that  the  desire  for  instruction  and  improvement  widely  pre- 
vails ;  and  we  have  no  fear  that  such  enlightened  faith  will  meet  with  disappoint- 
ment."—  Times. 

"A  cheap  and  interesting  publication,  alike  informing  and  attractive.  The  papers 
combine  subjects  of  importance  and  great  scientific  knowledge,  considerable  induc- 
tive powers,  and  a  popular  style  of  treatment." — Spectator. 

"The  'Museum  of  Science  and  Art'  is  the  most  valuable  contribution  that  has 
ever  been  made  to  the  Scientific  Instruction  of  every  class  of  society." — Sir  David 
Brewster  in  the  North  British  Review. 

"Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  of 
the  writing,  or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that 
there  is  hardly  to  be  found  among  the  new  books,  one  that  would  be  welcomed  by 
people  of  so  many  ages  and  classes  as  a  valuable  present." — Examiner. 

***   Separate  books  formed  from  the  above,  suitable  for  Workmen' 's 
Libraries,  Science  Classes,  &c. 

COMMON  THINGS  EXPLAINED.  Containing  Air,  Earth,  Fire, 
Water,  Time,  Man,  the  Eye,  Locomotion,  Colour,  Clocks  and 
Watches,  &c.  233  Illustrations,  cloth  gilt,  £j. 

THE  MICROSCOPE.  Containing  Optical  Images,  Magnifying 
Glasses,  Origin  and  Description  of  the  Microscope,  Microscopic 
Objects,  the  Solar  Microscope,  Microscopic  Drawing  and  Engrav- 
ing, £c.  147  Illustrations,  cloth  gilt,  2s. 

POPULAR  GEOLOGY.  Containing  Earthquakes  and  Volcanoes, 
the  Crust  of  the  Earth,  etc.  201  Illustrations,  cloth  gilt,  2s.  6d. 

POPULAR  PHYSICS.  Containing  Magnitude  and  Minuteness,  the 
Atmosphere,  Meteoric  Stones,  Popular  Fallacies,  Weather  Prog- 
nostics, the  Thermometer,  the  Barometer,  Sound,  &c.  85  Illus- 
trations, cloth  gilt,  2s.  6d. 

STEAM  AND  ITS  USES.  Including  the  Steam  Engine,  the  Lo- 
comotive, and  Steam  Navigation.  89  Illustrations,  cloth  gilt,  2s. 

POPULAR  ASTRONOMY.  Containing  How  to  Observe  the 
Heavens.  The  Earth,  Sun,  Moon,  Planets.  Light,  Comets, 
Eclipses,  Astronomical  Influences,  &c.  182  Illustrations,  4*.  6d. 

THE  BEE  AND  WHITE  ANTS  :  Their  Manners  and  Habits. 
With  Illustrations  of  Animal  Instinct  and  Intelligence.  135  Illus- 
trations, cloth  gilt,  2s. 

THE  ELECTRIC  TELEGRAPH  POPULARISED.  To  render 
intelligible  to  all  who  can  Read,  irrespective  of  any  previous  Scien- 
tific Acquirements,  the  various  forms  of  Telegraphy  in  Actual 
Operation.  100  Illustrations,  cloth  gilt,  u.  6d. 
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Dr.  Lardners  Handbooks  of  Nat^tral  Philosophy. 

%*  T lie  following  five  volumes,  though  each  is  Complete  in  itself,  and  to  be  pur- 
chased separately,  form  A  COMPLETE  COURSE  OF  NATURAL  PHILOSOPHY,  and  are 
intended  for  the  general  reader  ivho  desires  to  attain  accurate  knowledge  of  the 
various  departments  of  Physical  Science,  without  pursuing  them  according  to  the 
more  profound  methods  of  mathematical  investigation.  The  style  is  studiously 
popular.  It  has  been  the  author  s  aim  to  supply  Manuals  such  as  are  required  by 
the  Student,  the  Engineer,  the  Artisan,  and  the  superior  classes  in  Schools. 

THE  HANDBOOK  OF  MECHANICS.  Enlarged  and  almost 
rewritten  by  BENJAMIN  LOEWY,  F.R.A.S.  With  378  Illustra- 
tions. Post  8vo,  6s.  cloth. 

"The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  had 
become  obsolete,  have  been  replaced  by  others  of  more  modern  character.  The 
explanations  throughout  are  studiously  popular,  and  care  has  been  taken  to  show 
the  application  of  the  various  branches  of  physics  to  the  industrial  arts,  and  to 
the  practical  business  of  life. " — Mining  Journal. 

THE   HANDBOOK  of  HYDROSTATICS   and  PNEUMATICS. 
New   Edition,    Revised  and   Enlarged    by   BENJAMIN    LOEWY, 
F.R.A.S.  With  236  Illustrations.  Post  Svo,  5*.  cloth. 
"  For  those  '  who  desire  to  attain  an  accurate  knowledge  of  physical  science  with- 
out the  profound  methods  of  mathematical  investigation,'  this  work  is  not  merely  in- 
tended, but  well  adapted." — Chemical  News, 

THE  HANDBOOK  OF  HEAT.  Edited  and  almost  entirely 
Rewritten  by  BENJAMIN  LOEWY,  F.R.A.S.,  etc.  117  Illustra- 
tions. Post  Svo,  6s.  cloth. 

"  The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving 
any  cloudiness  or  lurking  doubts  behind." — Engineering. 

THE  HANDBOOK  OF  OPTICS.  New  Edition.  Edited  by 
T.  OLVER  HARDING,  B.  A.  298  Illustrations.  Post  Svo,  5^.  cloth. 

"  Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately 
illustrated. "—  Mechanics  Magazine. 

THE    HANDBOOK    OF    ELECTRICITY,    MAGNETISM,  and 
ACOUSTICS.     New  Edition.     Edited  by  GEO.  CAREY  FOSTER, 
B.A.,  F.C.S.    With  400  Illustrations.     Post  Svo,  $s.  cloth. 
"  The  book  could  not  have  been  entrusted  to  any  one  better  calculated  to  preserve 
the  terse  and  lucid  style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his 
work  to  the  present  state  of  scientific  knowledge." — Popular  Science  Review. 

Dr.  Lardner  s  Handbook  of  Astronomy. 

THE  HANDBOOK  OF  ASTRONOMY.  Forming  a  Com- 
panion to  the  "Handbooks  of  Natural  Philosophy."  By  DIONY- 
sius  LARDNER,  D.C.L.,  formerly  Professor  of  Natural  Philosophy 
and  Astronomy  in  University  College,  London.  Fourth  Edition. 
Revised  and  Edited  by  EDWIN  DUNKIN,  F.R.S.,  Royal  Observa- 
tory, Greenwich.  With  38  Plates  and  upwards  of  100  Woodcuts. 
In  i  vol.,  small  Svo,  550  pages,  gs.  6d.,  cloth. 

"Probably  no  other  book  contains  the  same  amount  of  inforriation  in  so  com- 
pendious and  well-arranged  a  form — certainly  none  at  the  price  at  which  this  is 
offered  to  the  public." — Athenceum. 

"  We  can  do  no  other  than  pronounce  this  work  a  most  valuable  manual  of  astro- 
nomy, and  we  strongly  recommend  it  to  all  who  wish  to  acquire  a  general — but  at 
the  same  tin;e  correct— acquaintance  with  this  sublime  science.  "-Quarterly  Journal 
of  Science. 

Dr.  Lardners  Handbook  of  Animal  Physics. 

THE    HANDBOOK    OF     ANIMAL    PHYSICS.      By    DR. 
LARDNER.     With   520  Illustrations.     New  edition,    small    Svo, 
cloth,  732  pages,  7^.  6d. 
"  We  have  no  hesitation  in  cordially  recommending  '^"—Educational  Times. 
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Dr.  Lardners  School  Handbooks. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  By  DR.  LARDNER. 

328  Illustrations.      Sixth  Edition.     I  vol.  3-f.  6d.  cloth. 
"  Conveys,  in  clear  and  precise  terms,  general  notions  of  all  the  principal  divisions 
of  Physical  Science." — British  Quarterly  Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.  By  DR.  LARDNER. 

With  190  Illustrations.     Second  Edition.     I  vol.  3-y.  6d.  cloth. 
"Clearly  written, well  arranged,  and  excellently  illustrated." — Gardeners' Chronicle. 

Dr.  Lardners  Electric  Telegraph. 

THE   ELECTRIC  TELEGRAPH.     By  DR.  LARDNER.    New 
Edition.     Revised  and  Re-written,   by  E.  B.  BRIGHT,  F.R. A. S. 
140  Illustrations.     Small  8vo,  2s.  6d.  cloth. 
"One  of  the  most  readable  books  extant  on  the  Electric  Telegraph."— En£.  Mechanic. 

Electricity. 

A  MANUAL  of  ELECTRICITY;  including  Galvanism,   Mag- 
netism,  Diamagnetism,  Electro -Dynamics,  Magneto-Electricity,  and 
the  Electric  Telegraph.     By  HENRY  M.  NOAD,  Ph.D.,   F.C.S. 
Fourth  Edition,  with  500  Woodcuts.    8vo,  I/.  4*.  cloth. 
".The  accounts  given  of  electricity  and  galvanism  are  not  only  complete  in  a  scientific 
sense,  but,  which  is  a  rarer  thing,  are  popular  and  interesting." — Lancet. 

Text-Book  of  Electricity, 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY.  By 
HENRY  M.  NOAD,  Ph.D.,  F.R.S.,  F.C.S.  New  Edition,  care- 
fully Revised.  With  an  Introduction  and  Additional  Chapters 
by  W.  H.  PREECE,  M.I.C.E.,  Vice-President  of  the  Society  of 
Telegraph  Engineers,  &c.  With  470  Illustrations.  Crown  8vo, 
I2s.  6d.  cloth.  [Just  published. 

"A  reflex  of  the  existing  state  of  Electrical  Science  adapted  for  students."— 
W.  H.  Preece,  Esq.,  vide  "  Introduction." 

"  We  can  recommend  Dr.  Noad's  book  for  clear  style,  great  range  of  subject,  a 
good  index,  and  a  plethora  of  woodcuts.  Such  collections  as  the  present  are  indis- 
pensable."— A  themenm. 

"  An  admirable  text-book  for  every  student — beginner  or  advanced — of  electricity." 
-—Engineering. 

' '  A  most  elaborate  compilation  of  the  facts  of  electricity  and  magnetism. " — Popular 
Science  Review. 

"Maybe  recommended  to  students  as  one  of  the  best  text-books  on  the  subject 
that  they  can  have.  .  .  .  Mr.  Preece  appears  to  have  introduced  all  the  newest 
inventions  in  the  shape  of  telegraphic,  telephonic,  and  electric-lighting  apparatus." — 
English  MccJianic. 

"The  work  contains  everything  that  the  student  can  require,  it  is  well  illustrated, 
clearly  written,  and  possesses  a  good  index." — Academy. 

"  One  of  the  best  and  most  useful  compendiums  of  any  branch  of  science  in  our 
literature." — Iron. 

"Under  the  editorial  hand  of  Mr.  Preece  the  late  Dr.  Noad's  text-book  of  elec- 
tricity has  grown  into  an  admirable  handbook." — Westminster  Review. 

Geology  and  Genesis. 

THE  TWIN  RECORDS  OF  CREATION  ;  or,  Geology  and 
Genesis,  their  Perfect  Harmony  and  Wonderful  Concord.  By 
GEORGE  W.  VICTOR  LE  VAUX.  Numerous  Illustrations.  Fcap.  8vo, 
5*.  cloth. 

"  A  valuable  contribution  to  the  evidences  of  revelation,  and  disposes  very  conclu- 
sively of  the  arguments  of  those  who  would  set  God's  Works  against  God's  Word. 
No  real  difficulty  is  shirked,  and  no  sophistry  is  left  unexposed."— The  Rock. 
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Science  and  Scripture. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT ;  being  a  Series  of  Essays  on— r. 
Alleged  Discrepancies ;  2.  The  Theory  of  the  Geologists  and 
Figure  of  the  Earth ;  3.  The  Mosaic  Cosmogony  •  4.  Miracles  in 
general — Views  of  Hume  and  Powell ;  5.  The  Miracle  of  Joshua — 
Views  of  Dr.  Colenso :  The  Supernaturally  Impossible ;  6.  The 
Age  of  the  Fixed  Stars,  &c.  By  Prof.  J.  R.  YOUNG.  Fcap.  5*.  cl. 


Geolo, 


logy. 

A  CLASS-BOOK  OF  GEOLOGY.  Consisting  of  "Physical 
Geology,"  which  sets  forth  the  Leading  Principles  of  the  Science  ; 
and  "Historical  Geology,"  which  treats  of  the  Mineral  and  Organic 
Conditions  of  the  Earth  at  each  successive  epoch,  especial  reference 
being  made  to  the  British  Series  of  Rocks.  By  RALPH  TATE. 
With  more  than  250  Illustrations.  Fcap.  8vo,  $s.  cloth. 

Practical  Philosophy. 

A  SYNOPSIS  OF  PRACTICAL  PHILOSOPHY.  By  Rev. 
JOHN  CARR,  M.A.,  late  Fellow  of  Trin.  Coll.,  Camb.  i8mo,  5-r.  cl. 

Mollusca. 

A  MANUAL  OF  THE  MOLLUSCA  ;  being  a  Treatise  on 
Recent  and  Fossil  Shells.  By  Dr.  S.  P.  WOODWARD,  A.L.S. 
With  Appendix  by  RALPH  TATE,  A.L.S.,  F.G.S.  With  numer- 
ous Plates  and  300  Woodcuts.  3rd  Edition.  Cr.  8vo,  Js.  6d.  cloth. 

Clocks,  Watches,  and  Bells. 

RUDIMENTARY  TREATISE  on  CLOCKS,  and  WATCHES, 
and  BELLS.  By  Sir  EDMUND  BECKETT,  Bart,  (late  E.  B. 
Denison),  LL.D.,  Q.C.,  F.R.A.S.  Sixth  edition,  revised  and  en- 
larged. Limp  cloth  (No.  67,  Weale's  Series),  4^.  6</.;  cloth bds.  5-r.  6d. 

"As  a  popular  and  practical  treatise  it  is  unapproached." — English  Mechanic. 

"The  Ibest  work  on  the  subject  probably  extant.  The  treatise  on  beljs  is  un- 
doubtedly the  best  in  the  language. " — Engineering: 

"The  only  modern  treatise  on  clock-making." — Horologicaljoiirnal. 

Grammar  of  Coloiiring. 

A    GRAMMAR    OF    COLOURING,    applied    to    Decorative 
Painting  and  the  Arts.     By  GEORGE  FIELD.     New  edition,  en- 
larged.    By  ELLIS  A.  DAVIDSON.     With  new  Coloured  Diagrams 
and  Engravings.     I2mo,  3*.  6d.  cloth. 
"  The  book  is  a  most  useful  resume  of  the  properties  of  pigments." — B^^^lder^ 

Pictures  and  Painters. 

THE  PICTURE  AMATEUR'S  HANDBOOK  AND  DIG- 
TIONARY  OF  PAINTERS  :  A  Guide  for  Visitors  to  Picture 
Galleries,  and  for  Art- Students,  including  methods  of  Painting, 
Cleaning,  Re-Lining,  and  Restoring,  Principal  Schools  of  Painting, 
Copyists  and  Imitators.  By  PHILIPPE  DARYL,  B.  A.  Cr.  8vo,  3-r.  6d.  cl. 

Woods  and  Marbles  (Imitation  of}. 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF 
WOODS  AND  MARBLES,  as  Taught  and  Practised  by  A.  R. 
and  P.  VAN  DER  BURG,  Directors  of  the  Rotterdam  Painting 
Institution.  Illustrated  with  24  full-size  Coloured  Plates ;  also 
12  Plain  Plates,  comprising  154  Figures.  Folio,  2/,  12s.  6d,  bound. 
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Delamotte's  Works  on  Illumination  &  Alphabets. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION ;  for  the 
use  of  Beginners  :  with  a  Rudimentary  Treatise  on  the  Art,  Prac- 
tical Directions  for  its  Exercise,  and  numerous  Examples  taken 
from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By  F.  DELA- 
MOTTE.  Small  4to,  gs.  Elegantly  bound,  cloth  antique. 
"  The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much 

good  sense,  the  author  chooses  from  collections  accessible  to  all,  are  selected  with 

judgment  and  knowledge,  as  well  as  taste." — Athenteum. 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDIEVAL ; 
from  the  Eighth  Century,  with  Numerals  ;  including  Gothic, 
Church-Text,  German,  Italian,  Arabesque,  Initials,  Monograms, 
Crosses,  &c.  Collected  and  engraved  by  F.  DELAMOTTE,  and 
printed  in  Colours.  New  and  Cheaper  Edition.  Royal  8vo, 
oblong,  2s.  6d.  ornamental  boards. 
"  For  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop 

legends  over  shop-doors,   who  letter  church  walls  with  pithy  sentences  from  the 

Decalogue,  this  book  will  be  useful." — Atlienanm. 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 
MENTAL;  including  German,  Old  English,  Saxon,  Italic,  Per- 
spective,  Greek,  Hebrew,  Court  Hand,  Engrossing,  Tuscan, 
Riband,  Gothic,  Rustic,  and  Arabesque,  &c.,  &c.  Collected  and 
engraved  by  F.  DELAMOTTE,  and  printed  in  Colours.  New  and 
Cheaper  Edition.  Royal  8vo,  oblong,  2s.  6d.  ornamental  boards. 
"  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet 

and  numerals  can  be  formed." — Standard. 

MEDIAEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS. By  F.  DELAMOTTE.  Containing  21  Plates,  and 
Illuminated  Title,  printed  in  Gold  and  Colours.  With  an  Intro- 
duction by  J.  WILLIS  BROOKS.  Small  4to,  6s.  cloth  gilt. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN  ;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Mediaeval  and  Modern  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  DELAMOTTE,  and 
printed  in  Colours.  Oblong  royal  8vo,  u.  6d.  in  ornamental  boards. 

Wood-  Carving. 

INSTRUCTIONS  in  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.  By  A  LADY.  In  emblematic  wrapper,  hand- 
somely printed,  with  Ten  large  Plates,  2s.  6d. 

"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt 
from  '  A  Lady's '  publication." — Athetuzunt. 

Popitlar  Work  on  Painting. 

PAINTING  POPULARLY  EXPLAINED;  with  Historical 
Sketches  of  the  Progress  of  the  Art.  By  THOMAS  JOHN  GULLICK, 
Painter,  and  JOHN  TIMES,  F.S.A.  Fourth  Edition,  revised  and 
enlarged.  With  Frontispiece  and  Vignette.  In  small  8vo,  6s.  cloth. 
%*  This  Work  has  been  adopted  as  a  Prize-book  in  the  Schools  of 
Art  at  South  Kensington. 

"  Contains  a  large  amount  of  original  matter,  agreeably  conveyed." — Builder. 
"  Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught, 
from  the  careful  perusal  of  this  unpretending  but  comprehensive  treatise.  "—A  rt  Journal. 
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AGRICULTURE,  GARDENING,  ETC. 
Youatt  and  Burris  Complete  Grazier. 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  Husbandry. 
By  WILLIAM  YOUATT,  ESQ.,  V.S.  I2th  Edition,  very  con- 
siderably enlarged,  and  brought  up  to  the  present  requirements  of 
agricultural  practice.  By  ROBERT  SCOTT  BURN.  One  large  8vo. 
volume,  860  pp.  with  244  Illustrations.  I/,  is.  half-bound. 

"  The  standard  and  text -book,  with  the  farmer  and  grazier." — Farmer's  Magazine. 

"A  treatise  which  will  remain  a  standard  work  on  the  subject  as  long  as  British 
agriculture  endures." — Mark  Lane  Express. 

History,  Structure,  and  Diseases  of  Sheep. 

SHEEP  ;  THE  HISTORY,  STRUCTURE,  ECONOMY, 
AND  DISEASES  OF.  By  W.  C.  SPOONER,  M.R.V.C.,  &c. 
Fourth  Edition,  with  fine  engravings,  including  specimens  of  New 
and  Improved  Breeds.  366  pp. ,  4*.  cloth. 

Prodiiction  of  Meat. 

MEAT  PRODUCTION.  A  Manual  for  Producers,  Distributors, 
and  Consumers  of  Butchers'  Meat.  Being  a  treatise  on  means  of 
increasing  its  Home  Production.  Also  comprehensively  treating 
of  the  Breeding,  Rearing,  Fattening,  and  Slaughtering  of  Meat- 
yielding  Live  Stock  ;  Indications  of  the  Quality  ;  Means  for  Pre- 
serving, Curing,  and  Cooking  of  the  Meat,  etc.  BY  JOHN  EWART. 
Numerous  Illustrations.  Cr.  8vo,  5-r.  cloth. 

"  A  compact  and  handy  volume  on  the  meat  question,  which  deserves  serious  and 
thoughtful  consideration  at  the  present  time." — Meat  and  Provision  Trades'  Re-view. 

Donaldson  and  Biirns  Suburban  Farming. 

SUBURBAN  FARMING.  A  Treatise  on  the  Laying  Out  and 
Cultivation  of  Farms  adapted  to  the  produce  of  Milk,  Butter  and 
Cheese,  Eggs,  Poultry,  and  Pigs.  By  the  late  Professor  JOHN 
DONALDSON.  With  considerable  Additions,  Illustrating  the  more 
Modern  Practice,  by  R.  SCOTT  BURN.  With  Illustrations.  Crown 
8vo,  6s.  cloth. 

Modern  Farming. 

OUTLINES  OF  MODERN  FARMING.     By  R.  SCOTT  BURN. 
Soils,    Manures,  and  Crops — Farming  and  Farming  Economy — 
Cattle,  Sheep,  and  Horses — Management  of  the  Dairy,  Pigs,   and 
Poultry — Utilisation  of  Town  Sewage,  Irrigation,  &c.  New  Edition. 
In  i  vol.  1250  pp.,  half-bound,  profusely  illustrated,  I2s. 
"There  is  sufficient  stated  within  the  limits  of  this  treatise  to  prevent  a  farmer 
from  going  far  wrong  in  any  of  his  operations." — Observer. 

Amateur  Farming. 

THE  LESSONS  of  MY  FARM  :  a  Book  for  Amateur  Agricul- 
turists,  being  an  Introduction  to  Farm  Practice,  in  the  Culture  of 
Crops,  the  Feeding  of  Cattle,  Management  of  the  Dairy,  Poultry, 
Pigs,  &c.  By  R.  SCOTT  BURN.  With  numerous  Illus.  Fcp.  6s.  cl. 
"A complete  introduction  to  the  whole  round  of  fanning  practice."— John  Bull, 
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The  Management  of  Estates. 

LANDED  ESTATES  MANAGEMENT:  Treating  of  the 
Varieties  of  Lands,  Peculiarities  of  its  Farms,  Methods  of  Farming, 
the  Setting-out  of  Farms  and  their  Fields,  Construction  of  Roads, 
Fences,  Gates,  and  Farm  Buildings,  of  Waste  or  Unproductive 
Lands,  Irrigation,  Drainage,  Plantation,  £c.  By  R.  SCOTT  BURN. 
Numerous  Illustrations.  Second  Edition.  121110,  3-r.  cloth. 

"A  complete  and  comprehensive  outline  of  the  duties  appertaining  to  the  manage- 
ment of  landed  estates." — Journal  of  Forestry. 

"A  very  useful  vade-mecum  to  such  as  have  the  care  of  land." — Globe. 

The  Management  of  Farms. 

OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organiza- 
tion  of  Farm  Labour.  Treating  of  the  General  Work  of  the  Farm, 
Field,  and  Live  Stock,  Details  of  Contract  Work,  Specialties  of 
Labour,  Economical  Management  of  the  Farmhouse  and  Cottage, 
and  their  Domestic  Animals.  By  ROBERT  SCOTT  BURN,  Author 
of  "Outlines  of  Modern  Farming,"  £c.  With  numerous  Illustra- 
tions, I2mo,  3-r.  cloth  boards.  [Just  published. 

Management  of  Estates  and  Farms. 

LANDED  ESTATES  AND  FARM  MANAGEMENT.  By 
R.  SCOTT  BURN,  Author  of  "Outlines  of  Modern  Farming," 
Editor  of  "The  Complete  Grazier,"  &c.  With  Illustrations. 
Consisting  of  the  above  Two  Works  in  One  vol.,  6s.  half-bound. 

\Just  published. 

Kitchen  Gardening. 

KITCHEN  GARDENING  MADE  EASY.     Showing  how  to 
prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every 
known  Vegetable    and   Herb,  with    cultural  directions  for   the 
management  of  them  all  the  year  round.     By  GEORGE  M.  F, 
GLEN  NY.     With  Illustrations,  I2mo,  2s.  cloth  boards. 
"  As  a  guide  to  hardy  kitchen  gardening,  this  book  will  be  found  trustworthy  and 
useful." — North  British  Agriculturist, 

Culture  of  Fruit  Trees. 

FRUIT  TREES,  the  Scientific  and  Profitable  Culture  of.  From 
the  French  of  Du  BREUIL,  revised  by  GEO.  GLENNY.  187  Cuts. 
I2mo,  4J.  cloth, 

Good  Gardening. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING;    or,    How  to 
Grow  Vegetables,  Fruits,  and  Flowers.     With  Practical  Notes  on 
Soils,    Manures,    Seeds,    Planting,   Laying-out    of   Gardens   and 
Grounds,  &c.      By  S.  WOOD.     Third  Edition,  with  considerable 
Additions,  &c.,  and  numerous  Illustrations.     Cr.  8vo,  5-r.  cloth. 
"  A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide. 
The  practical  directions  are  excellent." — Atheneewn. 

Gainful  Gardening. 

MULTUM-IN-PARVO  GARDENING;  or,  How  to  make  One 
Acre  of  Land  produce  ^620  a  year,  by  the  Cultivation  of  Fruits 
and  Vegetables  ;  also,    How  to  Grow  Flowers  in  Three   Glass 
Houses,  so  as  to  realise  ^176  per  annum  clear  Profit.     By  SAMUEL 
WOOD.     3rd  Edition,  revised.     Cr.  8vo,  2s.  cloth. 
"  We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and 
gentleman's  gardener,  but  to  the  market  grower."— Gardener's  Magazine. 
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Bulb  Citlture. 

THE  BULB  GARDEN,  or,    How  to   Cultivate   Bulbous   and 

Tuberous-rooted    Flowering    Plants    to    Perfection.     A    Manual 

adapted  for  both  the  Professional  and  Amateur  Gardener.     By 

SAMUEL   WOOD,    Author  of  "Good    Gardening,"   etc.      With 

Coloured  Illustrations  and  Wood  Engravings.  Cr.  8vo,  2s-  6d-  cloth. 

"  The  book  contains  practical  suggestions  as  to  the  arrangement  of  the  flowers,  and 

the  growth  of  flower-roots  for  the  trade,  as  well  as  for  amusement." — Saturday  Review. 

Tree  Planting. 

THE  TREE  PLANTER  AND  PLANT  PROPAGATOR: 

Being  a  Practical  Manual  on  the  Propagation  of  Forest  Trees, 
Fruit  Trees,  Flowering  Shrubs,  Flowering  Plants,  Pot  Herbs,  &c. 
Numerous  Illustrations.  By  SAMUEL  WOOD.  I2mo,  zs.  6d.  cloth. 

Tree  Pruning. 

THE  TREE  PRUNER :  Being  a  Practical  Manual  on  the 
Pruning  of  Fruit  Trees.  Including  also  their  Training  and  Renova- 
tion, with  the  best  Method  of  bringing  Old  and  Worn-out  Trees 
into  a  state  of  Bearing;  also  treating  of  the  Pruning  of  Shrubs, 
Climbers,  and  Flowering  Plants.  With  numerous  Illustrations. 
By  SAMUEL  WOOD.  I2mo,  2s.  6d.  cloth.  \_Just  published. 

Tree  Planting,  Pruning,  &  Plant  Propagation. 

THE  TREE  PLANTER,  PROPAGATOR,  AND  PRUNER. 
By  SAMUEL  WOOD,  Author  of  "  Good  Gardening,"  &c.  Consisting 
of  the  above  Two  Works  in  One  Vol. ,  5-y.  half-bound. 

Potato  Culture. 

POTATOES,   HOW  TO  GROW  AND  SHOW  THEM;    A 
Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the 
Potato.     By  JAMES  PINK.     With  .Illustrations.     Cr.  8vo,  2s.  cl. 
"  A  well  written   little  volume.     The  author  gives  good  practical  instructions 
under  both  divisions  of  his  subject." — Agricultural  Gazette. 

Hudson's  Tables  for  Land  Valuers. 

THE  LAND  VALUER'S  BEST  ASSISTANT:  being  Tables, 
on  a  very  much  improved  Plan,  for  Calculating  the  Value  of 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial 
Customary  Acres  to  Statute  Measure,  &c.  By  R.  HUDSON,  C.  E. 
New  Edition,  royal  32mo,  leather,  gilt  edges,  elastic  band,  4^. 

E  wart's  Land  Improver's  Pocket-Book. 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FOR- 
MUL^E,  TABLES,  and  MEMORANDA,  required  in  any  Com- 
putation relating  to  the  Permanent  Improvement  of  Landed  Pro- 
perty. By  JOHN  EWART,  Land  Surveyor  and  Agricultural  Engineer. 
Royal  32mo,  oblong,  leather,  gilt  edges,  with  elastic  band,  4^. 

Complete  Agricultural  Surveyor's  Pocket-Book. 

THE  LAND  VALUER'S  AND  LAND  IMPROVER'S  COM- 
PLETE POCKET-BOOK ;  consisting  of  the  above  two  works 
bound  together,  leather,  gilt  edges,  with  strap,  *js.  6d. 
"  We  consider  Hudson's  book  to  be  the  best  ready-reckoner  on  matters  relating  to 

the  valuation  of  land  and  crops  we  have  ever  seen,  and  Us  combination   with  Mr. 

Ewart's  work  greatly  enhances  the  value  and  usefulness  of  the  latter-mentioned  .  . 

It  is  most  useful  as  a  manual  for  reference." — North  of  England  Farmer. 


32    WORKS  PUBLISHED  BY  CROSBY  LOCKWOOD  &  CO. 

"A    Complete  Epitome  of   the  Laws  of   this 
Country" 

EVERY  MAN'S  OWN  LAWYER;  a  Handy-Book  of  the  Prin- 
ciples of  Law  and  Equity.  By  A  BARRISTER.  New  Edition, 
much  enlarged.  With  Notes  and  References  to  the  Authorities. 
Crown  8vo,  cloth,  price  6s.  %d.  (saved  at  eveiy  consultation). 

COMPRISING   THE    RIGHTS   AND    WRONGS    OF    INDIVIDUALS, 

MERCANTILE   AND    COMMERCIAL   LAW,  CRIMINAL  LAW,  PARISH  LAW, 

COUNTY   COURT   LAW,    GAME  AND   FISHERY   LAWS,    POOR   MEN?S 

LAW,    THE    LAWS    OF 


SETTLEMENTS- STOCK  EXCHANGE  PRAC- 
TICE— TRADE  MARKS  AND  PATENTS — 
TRESPASS,  NUISANCES,  ETC.— TRANSFER 
OF  LAND,  ETC. — WARRANTY  —  WILLS 
AND  AGREEMENTS,  ETC. 


BANKRUPTCY— BILLS  OF  EXCHANGE- 
CONTRACTS  AND  AGREEMENTS— COPY- 
RIGHT—DOWER  AND  DIVORCE — ELEC- 
TIONS AND  REGISTRATION— INSURANCE 
— LIBEL  AND  SLANDER — MORTGAGES  — 

Also  Law  for  Landlord  and  Tenant —  — Friendly  Societies — Clergymen,  Church- 
Master  and  Servant — Workmen  and  Ap-  wardens — Medical  Practitioners,  &c.  — 
prentices — Heirs,  Devisees,  and  Lega-  Bankers  —  Farmers  —  Contractors — Stock 
tees  —  Husband  and  Wife  —  Executors  and  Share  Brokers — Sportsmen  and  Game- 
and  Trustees  —  Guardian  and  Ward  —  keepers — Farriers  and  Horse-Dealers — 
Married  Women  and  Infants — Partners  I  Auctioneers,  House-Agents — Innkeepers, 
and  Agents  —  Lender  and  Borrower  —  &c. —  Pawnbrokers  —  Surveyors  —  Rail- 


Debtor    and    Creditor  —  Purchaser   and 


ways  and  Carriers,  &c.,  &c. 


Vendor  —  Companies    and    Associations 

"  No  Englishman  ought  to  be  without  this  book." — Engineer. 

"  What  it  professes  to  be — a  complete  epitome  of  the  laws  of  this  country,  thoroughly 
intelligible  to  non-professional  readers.  The  book  is  a  handy  one  to  have  in  readiness 
when  some  knotty  point  requires  ready  solution." — Bell's  Life. 

"  A  concise,  cheap,  and  complete  epitome  of  the  English  law,  so  plainly  written 
that  he  who  runs  may  read,  and  he  who  reads  may  understand." — Figaro. 

"  A  useful  and  concise  epitome  of  the  law." — Law  Magazine. 

''  Full  of  information,  fitly  expressed  without  the  aid  of  technical  expressions,  and 
to  the  general  public  will,  we  doubt  not,  prove  of  considerable  worth." — Economist. 

Auctioneer's  Assistant. 

THE     APPRAISER,    AUCTIONEER,    BROKER,    HOUSE 
AND   ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of 
Leases,   Annuities,   and  Reversions,  and   of  property  generally; 
with  Prices  for  Inventories,  &c.  By  JOHN  WHEELER,  Valuer,  &c. 
Fourth  Edition,  enlarged,  by  C.  NORRIS.     Royal  32mo,  cloth,  5-y. 
"  A  neat  and  concise  book  of  reference,   containing  an  admirable  and  clearly- 
arranged  list  of  prices  for  inventories,  and  a  very  practical  guide  to  determine  the 
value  of  furniture,  &c." — Standard. 

A  uctioneering. 

AUCTIONEERS  :  THEIR  DUTIES  AND  LIABILITIES. 
By  ROBERT  SQUIBBS,  Auctioneer.  Demy  8vo,  IOT.  6d.  cloth. 

House  Property. 

HANDBOOK  OF  HOUSE  PROPERTY  :  a  Popular  and  Prac- 
tical  Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory 
Sale  of  Houses  and  Land  ;  including  the  Law  of  Dilapidations  and 
Fixtures ;  with  Explanations  and  Examples  of  all  kinds  of  Valua- 
tions, and  useful  Information  and  Advice  on  Building.  By  E.  L. 
TARBUCK,  Architect  and  Surveyor.  2nd  Edition.  I2ino,  3^.  6d.  cl. 

'  We  are  glad  to  be  able  to  recommend  it." — Builder. 

"The  advice  is  thoroughly  practical." — Law  Joitrnal. 


-Bradbury,  Agnew,  &  Co.,  Printers,  "Whitefriars, 


RETURN  TO  the  circulation  desk  of  any 
University  of  California  Library 

or  to  the 

NORTHERN  REGIONAL  LIBRARY  FACILITY 
Bldg.  400,  Richmond  Field  Station 
University  of  California 
Richmond,  CA  94804-4698 

ALL  BOOKS  MAY  BE  RECALLED  AFTER  7  DAYS 

•  2-month  loans  may  be  renewed  by  calling 
(510)642-6753 

•  1-year  loans  may  be  recharged  by  bringing 
books  to  NRLF 

•  Renewals  and  recharges  may  be  made  4 
days  prior  to  due  date. 

DUE  AS  STAMPED  BELOW 


12,000(11/95) 

Berkeley 


YB  5370k! 


